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Foreword 


Sir John Hammond, C.B.E., M.A., D.Sc., F.R.S. 

In most countries in the world, including New Zealand, Australia, 
Africa and South America, the production of milk, meat and wool 
depends largely and sometimes entirely on the amount and quality of 
grassland and its products; this dependence is exemplified by the 
advanced methods of grassland management practised in New Zea- 
land, During the last fifteen years the dairy, beef and sheep industries 
in Great Britain, Europe and the North American continent have 
turned to grass and grass products to supply much more of the protein 
requirements for cattle and sheep, largely as a sequel to the absence or 
severe shortage of imported feeding-stuffs during the last war. This 
has involved new methods of increasing the output of our grassland, 
new systems of management and increased stocking rates. 

Each step in intensification has raised new problems to be solved 
before full and safe use could be nude of them, and not the least of 
these was the effect of the changes on the health of the animal. This 
hook will supply a long-felt want in not only giving an account of the 
new methods used in the intensification of grassland production but 
alio of the hazards involved by these methods on the health of the 
animal and most important, methods of control for the various 
nutritive and parasitic diseases concerned. 



Editors’ Preface 


The suggestion that a book should be written with the object of 
bringing together, between one set of covers, the sum of our know- 
ledge of the factors which influence the health and productivity of the 
grazing animal was first made by Sir James Scott Watson. To him 
we owe a special debt of gratitude. At a stage when we arc passing 
from what may be called the ‘pasture establishment era* into the 
‘pasture use era' it seemed appropriate to Sir James that a volume 
should be published wliich would both summarize existing knowledge 
on pasture use and, by doing so, indicate the gaps tint remain. Such 
a volume, it was thought, would prove to be a useful reference for 
farmers, students and veterinarians, and a stimulus to agricultural and 
veterinary research workers and advisor)' officers. 

T lunks to the patient co-operation of all the contributors the volume 
is now ready. Knowledge concerning the health and productivity of 
grazing animals is, of course, far from complete, and therefore we need 
nuke no apology for the fact that this book provides answers to some 
of the problems only. We can claim, however, that reflected in «s 
pages is the accumulated knowledge of a group of workers, experi- 
enced in their various fields in several countries, whose efforts have 
been directed to achieving increased health and productivity in grazing 
flocks and herds. We arc extremely grateful to all of them for the 
time and effort that they have given to this project. 
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CHAPTER ONE 


Introduction 

A. N. WORDEN, K. C. SELLERS AND D. E. TRIBE 

General Introduction — Disorders of the foot in grazing animals; foot-rot, strawberry 
foot-rot, red foot, foot-abscess, foul of the foot — Recent findings of potential importance, 
facial eczema, silica, selenium — Industrial contamination of pasture; fluorosis, other 
contaminants — Ecology of tltc grazing animal — General observations. 


It is appropriate that a book concerned with agricultural production 
should start by reminding the reader of the critical situation which now 
faces mankind — a situation which has been aptly summarized in the 
phrase ‘population explosion’. It is against die stark background of 
over-population and food shortage that man’s endeavours must now 
be viewed, and if society is to find a solution to this overwhelmingly 
important problem there is no doubt that the farmer, and the body of 
scientists that now support him, must together play a key role. Also 
there are still vast areas of the world, even in the so-called well- 
developed countries, where the application of new techniques can 
increase greatly the output of food. In view of the fact that the world’s 
most important crop by far is ‘grass* (by which we mean the plant 
communities used by grazing animals), and the world’s most important 
food-producing animals arc ruminants, which depend largely, and 
frequently exclusively, on grass for their lifetime nutrition, any 
techniques for improving the production or utilization of grass are 
likely to bring about the most rewarding increases in the supply of 
food for the human population. The exciting and tremendous 
potential of the world’s grasslands was well illustrated in the group of 
plenary papers which were read at the Eighth International Grassland 
Congress in i960. 
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{W m the past too little attention was paid to the problem o p 
me^t now it is becoming generally accepted that ‘The 
of grassland m terms of meat, mdk, wool or hides as sale ct0 P s ’/ n , 
be viewed as an integral part of a pastoral enterprise, m winch tnc 
nutritional demands of the ruminant animals are met for 3<>S da>s m 
the year and fox the whole duration of its productive Utc (Davies, 
i960) It remains theoretically true that the most important single 
advance in the economy of pasture use would be the replacement o 
the grazing animal altogether by chemical methods of processing 


grass into food for humans How ever, * the grilled grass steak is a very 


long way from achievement’ (Melville, i960) and there is no doubt 
that, during the foreseeable future, grass will have to be processed 
through the nmunant animal before the human population can denvc 
much benefit from it 

Although grass is then orld’s most important crop, it is paradoxically 
of almost no direct use to man as a source of food In foct, the only 
sections of the animal kingdom that can denvc much nutntional benefit 
from grass ate those which have undergone a marked evolutionary 
change in the structure and function of some part of their alimentary 
tract, and which, in consequence, can accommodate a large intestinal 
population of bactena and protozoa. It is this large and varied 
microbial population that converts the many refractory constituents of 
grass, which would otherwise remain indigested, into readily avail- 
able sources of energy, proton, or vitamins Herbivores such as the 
horse and the rabbit accommodate then microbial populations towards 
the dorsal end of their alimentary tracts, but the ruminant, which 
appears to exhibit the most advanced evolutionary adaptation to cope 
efficiently with a bulky, coarse grass diet, accommodates us populations 
in the large diverticulum of the foregut, the renculo-rumen The 
complex symbiotic relations between the micro-organisms and the 
host nmunant have been well summarized by Annison and Lewis 
(l959) 

In view of the ruminant’s dependence upon the processes of microbial 
breakdown and synthesis u u permissible, although of course it is an 
over-simplification, to regard grass primarily as a substrate for micro- 
organisms rather than as a food for cattle and sheep Many of the 
nutritional deficiencies of grass then become immediately obvious 
The substrate in any successful industrial bacterial fermentation process 

needs to be constant in quantity and quahty These requirements ate 
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far from being met by the diet of the grazing animal. The quality of 
pasture is constantly changing, and, in most pastoral areas of the world, 
it changes over a very wide range. The intake of herbage similarly 
alters and is affected by a large and varied number of independent and 
interacting factors. Moreover in an industrial fermentation process 
the environment within the fermentation chamber must be maintained 
at a constant equilibrium, not only by controlling the quantity and 
quality of the substrate, but also by controlling the rate of removal of 
the bacterial metabolites, by maintaining constant and uniform mixing 
of the fermenting mass, by diluting the mass to a constant dry-matter 
content, and by controlling the range of micro-organisms that are 
active in the fermentation process and eliminating undesirable types. 
The analogy with the rumen is clear, and serves to illustrate the im- 
portance in this situation of the processes of absorption and rate of 
passage of food from the reticulo-rumen, of rumen motility and 
rumination, of salivation and of the factors which regulate the type and 
size of microbial population in the rumen and determine its variation. 
The precise control of these factors by the farmer or grazier is clearly 
impossible, but it is towards this ideal that those who manage the 
grazing animals must work. However, * a fuller knowledge leads to a 
fuller control* and the range of research, and the diversity of special- 
ized interests required to make our knowledge of pasture utilization 
more complete is exceptionally wide. 

The biochemist, physiologist and microbiologist have an important 
part to play in revealing what may be called the * normal’ situation; 
n the investigation of rumen dysfunction, and, in a wider sense, the 
dysfunction of the grazing ruminant, veterinary knowledge must also 
be used. Since the research findings of all of these workers has, at 
some stage, to be interpreted in terms of the management of the 
grazing animal, the agricultural scientist has his own contribution to 
make. The purpose of the present volume is to bring together 
specialists from the various disciplines working in tills broad 
field, in order to review the results of the enormous amount 
of research that has been carried out particularly in the last fifteen 
years, and to summarize the extent of our present knowledge in the 
subject. 

It is recognized that our knowledge of the problems of producing 
grass and of managing pastures outstrips our knowledge of the prob- 
lems of animal production from grass and of managing die grazing 
animal. Nevertheless enormous progress has been made since, during 
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the last war S.r Joseph Barcroft and to colleague at Cambnd|C 
initiated their ftmdamental investigations into the pbysmlogy of * 
rumen and about the same time Dr C P McMcchan and » 

Zealand coUeagues mtensified and c-ttended their studies on glaring 
management and smee veterinary research ss others m many yarn ot 
the world turned with renewed vigour tothcprohicms of the metabolic 
parasitic and nutntiona\ disease of giaiing stock It is the purpose ot 
this hook to review the advances that have been nude at the same 
time realising that this will he the first w otd on the subject and not the 
last It m because no other volume has attempted to cos cr this import- 
ant hut wide and complex field that this book w as required In a 
rapidly developing field such as this it is inevitable that there arc gaps 
in the story and that m some instances different authors ha\e ex- 
pressed conflicting views Indeed it has been our object not only 
to present what is known on the subject but also to indicate 
where there are deficiencies and uncertainties in our knowledge It 
is hoped therefore that this book will stimulate further work so 
that future volumes will he more comprehensive Wc arc grateful 
to the eminent workers who have responded to our appeal and 
who have collectively submitted a series of chapters that cover 
a great deal of existing knowledge and an extremely wide range of 
expenence 

In the selection of particular fields of work for inclusion in this 
book we have been guided by several considerations Firstly it was 
decided to include material only if directly relevant to the grazing 
animal For this reason the fields of infertility and genetics although 
both important m a general sense as factors influencing the efficiency of 
production of the grazing animal are not included Similarly although 
a wide range of infectious diseases c g mastitis tuberculosis pleuro- 
pneumonia and foot and mouth disease may greatly impair the 
productivity of grazing animals the fact that they are grazing or are 
consuming grass does not materially affect the course of the disease 
and therefore these conditions have not been considered in the present 
context There is however one particular group of infectious condi- 
worn for which an exception can he made the group which cause 
disorders of the feet In this case the microclimate produced by th. 
vegetation in which the animal stands together with the type o 
^ig management that is practised may exert such a profoun 

meT'-S ^ S ' Vmty ° f *= tn, 
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DISORDERS OF THE FOOT IN GRAZING ANIMALS 

CONTAGIOUS FOOT-ROT OF SHEEF AND GOATS 

There are several diseases of the foot of sheep; Beveridge (1959) 
believes that the term ‘foot-roc’ should be reserved for the specific 
condition which he defines as a contagious disease of the sheep’s foot 
characterized by separation of a large portion of the hoof from the soft 
tissues due to a spreading infection immediately beneath the horn, and 
caused primarily by Fusifortnis nodosus. The goat is recognized as the 
only other susceptible animal. 

Foot-rot has long been established as the most prevalent cause of 
lameness in most of the sheep-carrying areas of the world. Beveridge 
(1941), in establishing that F. nodosus was the primary causal agent, 
showed that this organism does not occur naturally apart from the 
feet of affected animals. He regarded Spirochaeta penortha as an acces- 
sory causal agent and a third type of organism, a mobile fusiform, 
is constantly present in lesions of foot-rot but is not of established 
significance in the causation of the disease nor confined to affected 
feet. The infective agent of foot-rot does not survive for long any- 
where except in the feet of sheep or goats sho .vmg some lesions, and 
Beveridge was able to demonstrate successful eradication procedures 
based upon this finding. 

In view of his important contribution to the understanding of, and to 
the method of controlling, this disease, Beveridge’s views on foot-rot 
may be quoted almost verbatim. Foot-rot behaves as a typical specific 
infectious disease in that it docs not arise spontaneously. This point 
is of vital importance because many sheepmen and veterinarians think 
that the disease will make its appearance whenever conditions are 
favourable; in other words, that it is a non-specific infection resulting 
from sheep running in damp, lush pasture. This notion has arisen 
because in the flocks in the endemic areas the infection is constantly 
present and the spread and prevalence of the disease is influenced by the 
seasonal and pastural conditions, for foot-rot can spread from sheep to 
sheep only in certain environmental circumstances. 

Predisposing factors necessary for the spread of foot-rot arc prolonged 
wetness of the feet or injury to the skin between the digits by any 
agent such as grass seeds or larvae of the nematode, Strongylotdcs spp. 
Damp, lush pasture is favourable to the spread of the disease whereas 
free water, as in marshes, is not. Warm water is more favourable than 
cold. Thus outbreaks of the disease occur most commonly in spring 
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and — on tick pa^o In these “-“stances sheep may 
develop a condition popnlatly knovm as scald Th.s t a non 
specific supetfinal inflammation of the skin between the digits The 
SuKof'sald’ has not been established In itself it is not serious and 
usually clears up spontaneously, although it may cause lameness tor a 
few days Scald provides an ideal portal of entry for the causal 
agents of foot-rot, and when some animals in the flock are carrying tlie 
infection an outbreak of foot-rot follows the scald 

Sheep of all ages are infected, lambs become infected rather more 
readily than older animals but the disease is less severe The Menno is 
more susceptible than the British breeds, although the Utter are not 
particularly resistant 

The method of control devised by Bevendge (1941) has stood the 
test of time, not only in Australia itself, hut also in New Zealand 
(Ernor, 1957), Italy (Coppmo, 1951), and England (see Bevendge, 1959) 

The principle to be followed is to segregate all affected animals and 
any suspected of carrying the mfecnon and then place the remaining 
healthy sheep on a pasture that has not had infected sheep on it for at 
least two weeks The infection can live in mud and on pasture for 
some days but not as long as two weeks If many of the flock are 
affected a concerted effort should be made to cure them by repeated 
treatment before carrying out the final eradication procedure This 
eradication procedure should he done when the incidence of the disease 
is low and when climatic and pastural conditions are not conducive 
to the spread of the disease, that is to say, m the driest time of the year 
In order to eradicate the disease it is necessary to impress on the 
farmer that the object is to eliminate all trace of infection and not merely 
to deal with lame sheep All sheep in the flock must be caught and 
their feet examined closely and if necessary tnmmed It is essential to 
segregate not only those showing lesions of foot-rot but also any show- 
ing moist, mfUmcd hairfcss skin between the digits Such, animals may 
carry the mfecnon for months without the hoof being affected 
Misshapen hoofs should be tnmmed and searched for small pockets of 
mfecnon. Those sheep found healthy should be passed through a foot- 
bath of 5 per cent formalin before being placed on the fresh pasture 
he sheep with foot-rot and the suspected earners should be either 
sold for slaughter or kept m isolation while undergoing treatment, 
before should he held for a further month and re-exammed 

m f toSr t !T Tied ^ 7 fl °? Wcamc rcU P ses oftcn occur 

m sheep that appear to ha\ e been cured It has been suggested that 
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relapses may be less likely to ocair after treatment with chloramphenicol 
than after formalin. 

The detailed procedure to be followed in. eradicating the disease from 
a particular farm needs to be adapted to local conditions. Reasonably 
good facilities are essential for success and it is unsatisfactory to work 
in a muddy yard. A shearing shed is the ideal place to do the work. 
Re-introduction of infection is, of course, always through sheep or 
goats, so that any new-coiners should be examined carefully and, if 
necessary, treated and isolated before being allowed to join, or to 
graze upon the same land as the main flock. Littlejohn (1961) 
has adopted the methods of Beveridge to British farming condi- 
tions and has reported a successful eradication from 15 commercial 
flocks. 

STRAWBERRY FOOT-ROT IN SHEEP 

This condition has been reported from Scotland by Harriss (1948) 
and appears to be a mycosis: Thomson (1954) was able to isolate an 
organism now known as Dermatophilus pedis (Ainsworth and Austwick, 
1959). Affected animals develop what may become an extensive 
inflammatory swelling of the foot from the coronet upwards, followed 
by thick crust formation, A variety of treatments has been employed 
but none so far has been reported as influencing favourably the natural 
course of the disease. 

RED FOOT OF LAMBS 

Red foot is a widely distributed condition of new-born Iambs in 
southern and central Scotland and is therefore a disease manifested in 
the progeny of grazing animals. It has been described by Greig (195 1), 
who believes that it is neither infectious nor hereditary in origin. It 
appears to have a varied incidence from flock to flock, and may dis- 
appear from a given flock for a number of years despite any known 
changes in management practices. The incidence in affected hirsels 
is said rarely to exceed 15 per cent. Red foot may be seen just after 
birth and is confined to young lambs. The horn of the hoof becomes 
detached, with the exposure of red, sensitive tissue. There are some- 
times ulcerated areas in the mucous membrane of the mouth. No 
means of effective treatment is known, and destruction is advised, 
since the lamb although otherwise healthy in appearance is so crippled 
that it cannot follow the ewe. 
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TOOT ABSCES5 (pICITAL 

Foot abscess is the name gw 
with Fus fomts ntefophorus 
(1959) differentiated it from i 
that it was mainly confined 
which all ages of sheep are susceptible 

FOUL OF T1IB FOOT IN CATTLE 

This is a form of necrohacfilosis associated with F us forms tifcro- 
photis infection Although sometimes referred to as foot tot it vs 
aetiologically distinct from the condition in sheep and goau described 
to which cattle are insusccpnble (Beveridge 1941) ^hc condition 
occurs sporadically throughout the world mainly in dairy cattle and 
has a marked local variation in incidence Certain faims may suffer 
more severely than others and the disease may be particularly pres alcnt 
m certain years (Bevcndge 1959 Grant Millar and Worden V94 2 ) 
Flint and Jensen (195 1) made a detailed study of the pathology of nd 
cases supplemented by attempted reproduction of the syndrome and 
concluded that the condition was a nccsotmng infection of the 
tissues immediately proximal to the coronary band or of the intcrdigital 
tissues often complicated by atthtitu of the coffin joint and caused in 
part by F t erropfiorus penetrating from the surface This fits vn with 

the conception that environmental factors other than the existence of 
the infection are important particularly trauma Beveridge (l9S9) 
states that stony and muddy paths arc considered to be conducive to 
the disease which may also follow the jamming of a foreign body 
between the d gits Until the availability of sulphonanudes local 
treatment was the rule This was difficult and had often to be pro- 
longed Marked success from sulphonamide therapy has been reported 
from 1946 onwards and today this is widely employed (usually by 
intravenous injection of sulphadimidine alone or in conjunction with 
other sulphonanudes) despite the report by Roberts Kiescl and Lewis 
(1948) to the effect that the great majority of cases are self limiting and 
that the response to intravenous glucose in their senes were not 
significantly different from that to sulphonamtdes 


suppuration) vn sheep 
ten to a suppurative condition associated 
infection (Gregor} 1959) ondge 
hot rot and Bclschncr (1950) emphasize 
to adult sit cep in contrast to foot tot to 
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ofmw'V? 50 ?” us m the selection 

of subjects for mclimon in this volume was ,h c prcscnt 5tItc of ouc 
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knowledge in relation to a particular subject. It will be obvious to the 
reader that we have not limited our choice of subjects to those in 
which our knowledge is now complete, but only those subjects have 
been included which arc sufficiently advanced, and about which suffi- 
cient research lias been published, to enable a critical and balanced 
review to be written. It is for this reason that scant attention has been 
paid to that group of conditions which have a wide distribution 
throughout the world and which arc referred to by descriptive names 
such as * di-thrift’, ‘ unthnftincss’ and others. Although the economic 
importance of such conditions is indisputable it is not yet possible to 
characterize them on a rational basis. Frequently such conditions are 
confused by a complex situation which may involve over-stocking, 
parasitism, saline water, minor element deficiencies and an inadequate 
calorie intake. Our policy has meant that a number of recent findings, 
potentially of great importance, but, at the moment of uncertain 
significance, have had to be excluded. The following section serves 
to draw the reader’s attention to such findings and to indicate the 
direction of possible developments in the future. 

FACIAL ECZEMA 

This is an important disease of grazing sheep and cattle which has 
occurred widely in the North Island of New Zealand since the end of 
the last century and, during the last two or three years serious out- 
breaks have been reported from the Gippsland district of Victoria, 
Australia. To those acquainted with the disastrous consequences of 
this disease in which whole flocks may be decimated and farmers 
forced to leave their properties, it may appear incongruous to put this 
disease in the present category. However, although the importance 
of the disease can scarcely be overrated in the localities in which it 
occurs, it is a condition which, in terms of the world’s grasslands, is of a 
restricted importance. Indeed its significance in the long-term may 
turn out to be that it is an outstanding example of a disease of grazing 
animals known to be caused by a disease of pasture plants. 

Dunng the last fifty years an immense amount of research into the 
disease has been performed by veterinary workers in New Zealand, 
and the various steps in the unravelling of the problem have been 
traced by Fitmer and Johns (i960). Eventually the combined efforts 
of a large team, which included plant as well as veterinary pathologists, 
chemists, biochemists, agronomists, veterinary clinicians, and physiol- 
ogists, resulted in the discovery that the disease was associated with the 
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ingestion by grazing stock of a liver-damaging factor, now called 
spondesmin produced by a saprophytic fungus, Pithomyces charlarum 
(Berk and Curt) M B Ellis, which commonly infects certam gramina- 
ceous pasture plants during warm humid weather Measures for 
controlling fecial eczema are still bemg investigated but it is hoped that 
it will be possible to develop a suitable vaccine to protect the animals, 
fun S rades or techniques of pasture management to protect 

b many para of tie world result, of facral eczema research have 
stimulated workers to consider the posstbthty that other plant or soil 
fung, may produce substances whtch are tome ,o graziig ani m a ls 
There exists rhe possibility, for example, that diseases chLctenzed 

sLHfnm ’‘TT.T » ‘gecldikkop* in 

Sou* Afhea and alvdd’ m Norway, might be caused by fungal 

SILICA 
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the soluble sdica is absorbed as slia^ci^ « 8 °° d deal ° f 
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1958 ) and apparently most of it oTv * 4 ** Pty^bths (Smithson, 
ary tract to be excreted m the faeces” 18 ” tcd trough the aliment- 
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epithelium. Also, some evidence has been published (Baker, Jones and 
Wardrop, 1959) in support of the theory that attrition by opal phyto- 
liths in pasture plants and soil may be a major cause of wear in sheep’s 
teeth. Because excessive wear of incisor teeth of sheep grazing 
improved pastures in New Zealand and Australia is a problem of 
considerable economic importance (see c.g. Bamicoar, 1959) this 
concept is of more than academic interest. 

SELENIUM 

Before the identification (Schwarz and Foltz, 1957; Patterson, 
Mihtrey and Stokstad, 1957) of selenium as an integral constituent of 
‘Factor 3* (a previously unknown agent protecting rats against dietary 
necrotic liver degeneration) the only veterinary interest in this element 
was related to the disorders and losses in stock resulting from consump- 
tion of herbage containing toxic amounts of selenium. The most 
well-known distribution of seleniferous soils and vegetation is in the 
western half of the U.S.A., but wheat containing 1 to 2 p.p.m. 
selenium has been obtained from many other parts of the world (Tre- 
lease, 1945), and small seleniferous areas have been found in Eire 
(Walsh, Fleming, O’Connor and Sweeney, 1951) and in Australia 
(Knott, McCray and Hall, 1958). 

The naturally occurring disorders are known as ‘alkali disease’ 
and ‘blind staggers’ and were thought to be manifestations of chronic 
and acute selenium poisoning respectively (Moxon and Rhian, 1943), 
hut more recent work suggests that both these syndromes come within 
the category of chronic selenosis. Rosenfeld and Beath (1946) 
reported that blind staggers in cattle in Wyoming is caused by selenium 
poisoning. This syndrome is considered to be identical with polio- 
encephalomalaria, a non-infectious disease of cattle and sheep on pasture 
and feedlot in Colorado and is known as ‘forage poisoning', the cause 
of which has not been determined (Jensen, Grimer and Adams, 1956). 
The absence of the clinical signs described as characteristic of chronic 
selenium poisoning (Moxton and Rhian, 1943) in the cattle population 
in. Colorado where polioencephalomalacia is common, is irreconcilable 
with the theory that this disease is caused by selenium poisoning 
(Jensen et ah, 1956). Maag, Orsbom and Clopton (i960) reported 
that seleniferous plants can produce either acute or chronic poisoning, 
the toxic effect depending on the type of selenium compound present, 
the type of experimental animal, the criterion of toxicity and the 
experimental conditions. To determine the effect of sodium selenite 
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the most effective selenium compound thus far known (Schwarz and 
Foltz, 1958). 

In a recent review Schwarz (i960) clarified some of the relationships 
of selenium and vitamin E. So far, there appear to be three groups of 
diseases which must be separated: 

(1) Those caused by vitamin E deficiency which arc not influenced 
by Factor 3-selcniuin even in large excess; resorption sterility in rats 
and cncephalomalacia in chicks come into this category. (2) Those 
caused by Factor 3-selenium deficiency which are not affected by 
vitamin E, such as a disease entity in rats comprising lack of growth, 
muscular wasting, adrenal atrophy and pancreatic dystrophy, and also a 
growth effect in the chick. (It appears that a growth effect in the lamb 
can be added to this list — sec following discussion.) (3) Those caused 
by a simultaneous deficiency of both factors. To this group belong 
dietary liver necrosis in the rat, liver necrosis and muscular dystrophy 
in the pig, multiple necrosis in the mouse, heart and peripheral muscular 
dystrophy in the mink, and exudative diathesis in chicks and turkeys. 

Thus, dietary liver necrosis is essentially the result of the simultaneous 
lack of Factor 3-selenium and vitamin E and although a lack of either of 
these factors alone often produces relatively mild chrome diseases, the 
simultaneous deficiency of both leads invariably to acute tissue damage 
and to death. Methionine and cystine, when supplied at levels exceed- 
ing the requirement for growth, may delay the onset of liver necrosis 
as a result of a sparing effect on the.requirement for vitamin E but they 
do not prevent it (Schwarz, i960). The clarification of these relation- 
ships may help to explain some of the complexities and anomalies 
reported in liver necrosis and muscle degeneration syndromes in pigs. 
Schwarz points out that a number of diseases hitherto attributed solely 
to vitamin E are of a dual origin and that the presence or absence of 
Factor 3 -active selenium determines the fate of an animal on a vitamin 
E deficient diet. 

In the last few years it has been demonstrated that Se plays an 
important role in the prevention of muscular dystrophy and poor 
thriving conditions in sheep and calves. Muth, Oldfield, Schubert and 
Remmert (1959) showed that the incidence of white muscle disease in 
lambs was significantly reduced when their mothers were fed on a 
ration previously known to produce the condition and to which o*i 
p.p.m. Se (as sodium selenite) was added; addition of vitamin E to the 
diet was without effect. In a later experiment, Oldfield, Muth and 
Schubert (i960) reported that addition of o*i p.p.m. Se to a ration for 
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the most effective selenium compound thus far known (Schwarz and 
Foltz, 1958). 

In a recent review Schwarz (i960) clarified some of the relationships 
of selenium and vitamin E. So far, there appear to be three groups of 
diseases which must be separated: 

(1) Those caused by vitamin E deficiency which arc not influenced 
by Factor 3-selenium even in large excess; resorption sterility in rats 
and cnccphalomalacia in chicks come into this category. (2) Those 
caused by Factor 3-selenium deficiency which arc not affected by 
vitamin E, such as a disease entity in rats comprising lack of growth, 
muscular wasting, adrenal atrophy and pancreatic dystrophy, and also a 
growth effect in the chick. (It appears that a growth effect in the lamb 
can be added to tins list — see following discussion.) (3) Those caused 
by a simultaneous deficiency of both factors. To this group belong 
dietary liver necrosis in the rat, Ever necrosis and muscular dystrophy 
in the pig, multiple necrosis in the mouse, heart and peripheral muscular 
dystrophy in the mink, and exudative diathesis in chicks and turkeys. 

Thus, dietary liver necrosis is essentially the result of the simultaneous 
lack of Factor 3-selenium and vitamin E and although a lack of either of 
these factors alone often produces relatively mild chronic diseases, the 
simultaneous deficiency of both leads invariably to acute tissue damage 
and to death. Methionine and cystine, when supplied at levels exceed- 
ing the requirement for growth, may delay the onset of liver necrosis 
as a result of a sparing effect on the requirement for vitamin E but they 
do not prevent it (Schwarz, i960). The clarification of these relation- 
ships may help to explain some of the complexities and anomalies 
reported in liver necrosis and muscle degeneration syndromes in pigs. 
Schwarz points out that a number of diseases hitherto attributed solely 
to vitamin E are of a dual origin and that the presence or absence of 
Factor 3-active selenium determines the fate of an animal on a vitamin 
E deficient diet. 

In the last few years it has been demonstrated that Se plays an 
important role in the prevention of muscular dystrophy and poor 
thriving conditions in sheep and calves. Muth, Oldfield, Schubert and 
Remmert (1959) showed that the incidence of white muscle disease in 
lambs was significantly reduced when their mothers were fed on a 
ration previously known to produce the condition and to which o*r 
p.p.m. Se (as sodium selenite) was added; addition of vitamin E to the 
diet was without effect. In a later experiment, Oldfield, Muth and 
Schubert (i960) reported that addition of 0*1 p.p.m. Se to a ration for 
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ewes from the third month of pregnancy onwards or intramuscular 
injection of 1 4 mg Se to lambs soon after birth (in both instances as 
sodium selemte) prevented white muscle disease and resulted m increased 
growth of lambs as compared with untreated controls The growth 
response of the lambs was greater when Sc was fed prc-natally than 
when it was injected post natally Large doses of \ itamin E at birth 
protected lambs from white muscle disease but did not result in 
improved growth 


Results of trials in New Zealand (McLean Thomson and Clanton, 
1959 , Drake, Grant and Hartley i960) confirmed and supplemented the 
Oregon reports a tocopherol was of no value when gn cn to pregnant 
ewes 1 to j weeks before lambing whereas 5 mg Se (as sodium scle- 
nate) given once orally reduced the number of pen natal deaths of 
mbs caused by white muscle disease adm.mstranon of 1 mg Sc 
dTd.£ / “ 3 ' VKt! af,cr bmh a!most completely presented 
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considerable but not complete P ro ' cc "°^J° l^birth 

5 mg. selenium by mouth at 3- W eek mtcrv^ 

complete protection to a third. gf° P *. vcrse effects 0 f sc l c nium- 
This brief review indicates son ™ ^ ^ bcncflda l when very 

harmful when too much is pr ^ wWch caU se certain disease 

small supplements arc added whcthcr these latter rations arc 

entities. As yet it is too early Y trace amounts of sele- 

dcficient in selenium since the ctc ™. , tbo( j s have only recently 
nium is difficult and satisfactory anay be variations in the 

been worked out. It appears too “^^rious physiological 
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has pointed out that the mimmumchronm tornc^ rf ^ (j ^ 4 
selenium is approximately 300 4 PS- P h protects agamst 
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Factor 3-defiaency, then selemu ^ betwec n effective dose 

many other dietary constituen • ^ wWch compa res favourably 

and toxic dose is of the order of and almost all other 

with the therapeutic indices o ammo ^ ^ W ould deny that 

important nutrients (Schwarz, 196 )• • ,he therapeutic or 

considerable caution should be u , stroct ]iodofsupplementa- 

prophylactic use of selenium and that die safest metn^ Zealand, the use 

tion would be by parenteral adminis brouR lit under professional 
of the element has, by regulation been brought^ ^ ^ 

control and in the United States of m e t ] ie p ur e Food and Drugs 
the Food Additives (Delaney) mcl ’ ™ ^ $ s h 0 uld always be 

Act. It would therefore seem sensm „ a l mixtures, as an 

taken to prohibit the “ ^fertilizer for top-dressing pur- 
"^So^, should not hinder investigations 

into its possible beneficial effect m livestock. 

industrial fluorosis , prazine in the 

The occurrence of ^ bem reported during the last 

vicinity ofindustrial underta g Great Britain and the United 

described an outbreak in cattle 
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assorted wtthasupcrpbospbatt worksmltaly “ d R ° h “ 1 '" S 
treanse on fluorosts m man and annuals was ynUnhod m W7 Tim 
fot detailed itivcstiganons in Britain were earned out during 1937 39 
on farms m the brickfield area of Bedfordshire (Blakcmorc. Bosw orth 
and Green, .948), followed a few years User by another 
into fluorosis associated with aluminium works at Fort William m 
Scotland (Boddie, 1949) During the post-war expansion of industry 
the incidence of fluorosis increased, m several areas in Britain, two ot 
the most important hemg the steel-making area m south Yorkshire 
(Towers, 1954) and the Potteries of north Staffordshire 

Industries svhich have been associated with fluorosis in Britain 
include (t) Steel-making when large amounts of fluorspar arc used, 
mainly m basic open beartb furnaces, (2) bnck-makmg m several 
areas, but particularly in the vicinity of the large concentrations of 
kilns in the south-eastern Midlands of England, (3) ceramic works, 
colour and vitreous enamelling processes using fluondc as fluxes, (4) 
open-air calcining of ironstone which may contain calcium fluondc, 

(s) aluminium production by electrolytic reduction of alumina 
Coal-burning plants are a potential source but arc rarely sufficiently 
concentrated to produce a damaging level of fluorosis, though dental 
lesions in cattle can often he found in the neighbourhood of large coal- 
burning establishments (Bums and Allcroft, unpublished data) 

The toxicity of fluorine compounds is related to their solubility, 
their concentration m the diet and the length of time over which they 
are ingested Thus fluorine in the form of sodium fluoride is the most 
toxic and in the form of calcium fluoride least toxic In fecding-stuffs 
for cattle the lower limit of toxicity of soluble fluonne is usually 
regarded as being m the range of 30-50 ppm fluonne m the dry 
matter of the total diet, the comparable level for the less soluble com- 
pounds such as rock phosphate would be almost twice as much is this 
(NkC, 1960) 

The level of fluonne contanunanon of herbage vanes widely and 
pasture analyses alone are not sufficient to assess the degree of fluorosis 
in the animal Factors affecung the level of deposition include (a) 
the amount and duration of the fluonne emissions and their proximity 
to PjMUtt (b) the influence of local topography and weather, par- 
ucwkrly the prevaJmg wind, and (cl the type of vegetation and tts 
Me of growth , H<Aa 8' S «"P'" nncontaminated atear usually 
\ a ° f , 1,:S5 ,h “ >» PP- DM but levels found m 
SIS areas frequently range from 30 to 300 p p m and m some 
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instances the very high values of 2,000 p.p.m. on grass and 3 ,000 p.p.m. 
on kale have been recorded. 

An evaluation of an animal’s fluorine status should be made from the 
analysis of animal material used to confirm the clinical assessment. 
Urinary fluorine levels arc a reflection mainly of current intake and 
output. Normal urine contains less than 10 p.p.m. fluorine (at SG. 
1.030). In fluorosis areas values are usually over 10 p.p.m., commonly 
20-50, sometimes higher, and values over 100 have occurred. In most 
fluorosis areas, however, there may be periods of relatively light 
contamination when urinary fluorine may be in the normal range. 

The concentration of fluorine in the bone reflects the amount of 
fluorine ingested over the period involved and therefore bone fluorine 
levels are the most useful guide to the animal’s fluorine status. Normal 
bone levels arc less than r,ooo p.p.m. on ash, levels between 2,000 and 
4>ooo usually indicate some exposure and levels in excess of 4,000 are 
frequently associated with lameness. In fluorosis areas bone fluorine 
content is commonly 6,000-10,000 p.p.m. and sometimes as much as 
20,000 (Allcroft, 1959). 

The classical and characteristic changes of fluorosis are the dental 
lesions and these include yellow, brown or black staining, hypoplasia of 
enamel and teeth and excessive and irregular wear of incisors and 
molars. Dental enamel is only affected by ingested fluorine during the 
developmental stage so that teeth already fully formed at the time of the 
fluorine intake remain normal. The distribution of dental lesions 
throughout the various age-groups in a herd may thus be used to 
estimate the onset and duration of the intake. 

In cattle the severity of dental lesions usually found is not sufficient 
to interfere with feeding or with drinking cold water, but may pre- 
judice the sale of an animal, whereas in sheep dental deformity par- 
ticularly of cheek teeth, may be very detrimental to health and 
condition (Boddie, 1949). 

Tameness resulting from skeletal abnormalities such as fracture of the 
os pedis is, in. cattle, the most noticeable and economically important 
symptom, and it is usually this which draws attention to the disorder. 
Characteristic postures and type of lameness are observed and include 
crossing of the forelegs, the placing of the affected foot in the manger 
and a * cat-on-hot-bricks* walk. 

Toss of production is frequently alleged by farmers in fluorosis 
districts, but it is often difficult to evaluate how much of this is due to 
fluorine. In industrial districts other contaminants may have an 
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adverse effect on pasture qualit) , copper clcfiacncy is known to be 
common (Bums and Allcroft unpublished data) and husbandry 
standards may not be high However, lameness can cause much loss 
of production and survey data indicate that primary s) stemic fluorine 
toxicosis is likely to occur onl) at the highest let els of contamination 
Diagnosis is usually based on the characteristic lameness the presence 
of dental lesions in home-bred animals, the proximity to an industrial 
source of fluorine, and chemical anal) sis of unne, herbage and bone 
samples where possible The fluonne accumulation m bone is re- 
latively little affected by the variations of contamination which may 
result m temporary low values in herbage and unne Where loss of 
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It has been apparent from survey and experimental evidence that 
losses can be substantially reduced by appropriate husbandry methods. 
The housing of even acutely and severely lame animals for several 
weeks usually brings about recovery, although it will be appreciated 
that it is upsetting to the farm economy if cows must be housed in 
summer when grass is growing rapidly. A good standard of nutrition 
and hygiene is of the greatest importance because the damaging effects 
of fluorine are greater in animals on a sub-standard level of nutrition 
or suffering from other inter-current disorders and in this context 
grassland management, which often presents special difficulties in 
industrial disticts, merits particular attention. 

OTHER INDUSTRIAL CONTAMINANTS 

A condition in catdc somewhat resembling the conditioned copper 
deficiency of ‘ tcart* pastures and associated with molybdenum con- 
tamination of herbage near metal alloy works has been described 
(Buxton and Allcroft, 1955; Parker and Rose, 1955). Symptoms 
included scouring and loss of condition and decrease in milk yield. 
Blood copper levels were low and herbage analyses showed high 
molybdenum and fairly high copper levels. Satisfactory treatment, 
and control was obtained by copper supplementation. 

Pastures are sometimes heavily contaminated with zinc dust. 
Damage to herbage can be severe, but the high tolerance of grazing 
animals to ingested zinc renders it unlikely that poisoning would 
occur. 

In the vicinity of cement and lime works, diarrhoea and loss of condi- 
tion have occurred in animals grazing dust-contaminated pastures. 
No toxic substances have been demonstrated in the dust, and it appears 
that the diarrhoea is the result of mechanical irritation. Recovery is 
usually rapid following removal from the contaminated pasture. 

THE ECOLOGY OF THE GRAZING ANIMAL 

Tamley (1939) has described a pasture as a biotic climax. ’ Pasture 
research workers have always been strongly conscious of the import- 
ance of applying ecological principles in the agronomic context. The 
dynamic condition of a sward, -with its sensitivity to climatic and biotic 
factors, has made the pasture manager realize that only by a most 
careful manipulation or compensatory adjustment of those factors 
under his control can he obtain optimum production, and maximum 
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profitability Indeed the agronomist has never been slow to stress 
the importance of the pasture/animal complex, e\ en if he has more 
often implied the effect of the animal on the pasture rather than the 
reverse (Davies, 1958) Although the purpose of the present book is 
to consider the effect of the pasture on the animal it should be stated 
at the outset that the grazing animal is but one of the factors in a 
complex ecological system Even if it is considered that the grazing 
animal is the focus of this system, a variety of other separate, but 
interacting factors must be taken into account by -workers in this 


For example, it is now known that the productivity of grazing 
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excellent example of the manner in which a knowledge of ecology 
may be applied in order to increase food production This example 
also illustrates well the limitations of this type of approach. 

McDiarmid (1961) has rccentl) gnen an account of some of the 
causes of morbidity and mortality in frcc-hving wild life, and lus 
discussed the possibility of wild mammals and birds acting as rescrv oir 
hosts for a variety of infections communicable directly or indirectly 
to domestic stock. Many examples can be cued of disease outbreaks 
m farm animals m which the infective agent has been carried b) wild 
animals For example, McDiarmid (i960) has pointed out that 
bovine tuberculosis may be earned by wild pigs, deer or rats and the 
possibility of migratory birds bnnging foot-and-mouth disease to 
Britain has been discussed by Wilson and Mathcson (1952) Recent 
papers (Thompson, 1961, Swain, 1961) hav e emphasized that as more 
land is activated or farmed particularly m the now undeveloped 
pni of the the dtsrupnon to present ecological iyimm 
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but two examples of many which may be cited. The flaw to tliis 
argument is that it ignores the enormous increases m the productivity 
of livestock that concurrently have resulted from the work of the 
pasture scientists and which much more than offset the new hazards to 
animal health. Moreover, in some eases, the so-called ‘new diseases’ 
of grazing stock arc old ones which have been revealed only recently 
by new and better methods of diagnosis, or have been complicated by 
physiological stresses which arc the inevitable accompaniment of 
modern techniques of animal husbandry. For example, it is pointed 
out in Chapter 24 that the increased incidence of hypomagnesaemia is 
in part due to the fact that as a result of improved techniques the 
longevity of grazing animals has been increased, and age is a stress 
which makes animals more susceptible. 

Nevertheless there still remains an essential truth in the statement that 
the pasture scientist has too frequently ignored the requirements of the 
grazing animal. However, to say tliis as an intended criticism of 
pasture scientists is to miss the point completely. The difficulty in the 
past has been that no one has been able to define the requirements of 
die grazing animal in terms intelligible to the plant geneticist, bio- 
chemist or physiologist. The inadequacy of expressing these require- 
ments m terms of dry matter availability per acre, or in crude protein 
percentages, has long been obvious, but satisfactory substitutes have 
not yet been forthcoming. 

Perhaps the most important advance made in the work on grazing 
animals during the last decade has been the move towards a definition 
of animal requirements in terms that are meaningful to both the animal 
scientist and the plant scientist. An excellent example of the progress 
made in this respect is given by the work of three teams of workers 
headed by Dr K. L. Blaxter at the Hannah Dairy Research Institute, 
Ayr, Mr W. F. Raymond at the Grassland Research Institute, Hurley, 
and Dr C. C. Balch and Dr J. A. F. Rook at the National Institute for 
Research in Dairying, Reading. 

Blaxter and his colleagues have shown (see, e.g. Blaxter, 1960; 
Armstrong, i960) that the range of net conversion efficiencies of 
metabolizable energy to body fat is due to the effects of different diets 
on rumen fermentation processes and, in particular, on the proportions 
of volatile fatty acids (V.F.A.), lactic acid and hexose which arc 
absorbed by the ruminant. It has been shown that the number of K cal 
of fat synthesized per 100 K cal of V.F.A. dissimilated is in the order 
of acetic acid < propionic acid<butyric acid<lactic acid<glucose. 
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Balch and Rook (see eg, Balch, i960. Rook, 1959) luve similarly 
stressed the importance of the nature of the rumen fermentation 
processes in relation to the resultant V F A mixture, and have shown 
that individual fatty acids have both specific and general roles in 
metabolism Acetate has a general effect on the synthesis of all milk 
consntuents, acetate and propionate have specific effects on milk fat 
synthesis, and propionate has a specific effect on the synthesis of the 
sokds-not-fat fraction In Raymond’s Department, V F A produc- 
tion has been measured in rumen liquor taken from sheep fed a variety 
of single herbage species (Tilley, Dernaz and Terry, i960). It was 
found that acettc propionic acid ratios varied widely with the 
species of plant eaten, and that, in general, herbages of a high 
water-soluble carbohydrate content gave higher proportions of 
propionic acid 
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convenient and logical to consider the production of grassland in the 
first place and then to discuss the means by which this production may 
be utilized. 

The factors affecting grass production which will be discussed here 
include climate, soil, plant species and strains, as well as the more strictly 
managerial factors including the use of irrigation and of fertilizers, the 
role of clover, and the effects of frequency and severity of defoliation. 
The sowing and establishment of grassland arc outside the scope of 
this chapter. For these the reader is referred to Stapledon (1939) and 
the Imperial Bureau of Pastures and Field Crops (1945)* 

climate 

Although grassland of various types is found in countries of tem- 
perate and tropical dimate throughout the world, its productivity 
even within the confines of Britain is closely related to local and seasonal 
variations in weather conditions. Temperature, precipitation and the 
inddence of sunshine are important, not only for their effects on the 
annual yield of herbage, but especially for their effects on the duration 
of the growing period and on variations in growth rates and quality 
during the growing period. 

Growth is critically influenced by temperature and does not start 
in the spring until the soil temperature exceeds 42 0 F. (Blackman, 
1936). The growth rate then increases with increasing soil and air 
temperatures, but it may not continue to increase in direct proportion 
to temperature. For example, Mitchell (1954* 1955) found no response 
to increasing temperatures within the range of 59-83° F. Julen (1952), 
on the other hand, claimed that the growth rate increased with in- 
creasing temperatures and daily duration of sunshine except when the 
water supply was inadequate. Without an adequate water supply 
high temperatures depress the growth rate. 

The water supply to the plant is, of course, not related solely to the 
rainfall but to the water balance of the soil. This is the sum of water 
available at the beginning of the season plus rainfall, less losses from 
drainage, run-off, evaporation and transpiration. Drainage isnegligible 
m British summer conditions and the main loss is through evapo-tran- 
spiration which is governed by humidity, temperature, wind-velodty 
and the daily duration of direct sunshine (Penman, 195 1). If the water 
supply is insufficient to maintain evapo-transpiration, growth suffers 
and ultimately wilting occurs. The magnitude of the losses through 
evapo-transpiration is indicated by estimates made at Rothamsted 
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which showed that in hot summer weather the moisture loss was 
equivalent to a rainfall of o 25 in daily (sec Russell, 1952) 

The frequency and extent of moisture defiat in Britain have been 
calculated and it has been shown that long penods of moisture defiat 
occur m most years in the south and east of this country and are not 
infrequent even m the north and west in lowland districts (Ryall, 1952). 
Ue potential value of irrigation is, therefore, not limited to so-called 
dry climates and ns effects will be discussed later 


SOIL 

The soil acts not only as a source of nutrients but as medium for 
plant growth Although different sods may be inherently rich or 
or Xsfr » dependent also on then texture 

2^“*“ ■' porosity, degree of flocculation and 
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to the growth of flowering shoots. The ratio of leaf to stem falls 
rapidly and with it the feeding value of the herbage. This is because 
the stem is higher in fibre content, and lower in crude protein content 
than the leaf (Fagan and Evans, 1926) and because it becomes increas- 
ingly lignified and indigestible as it matures (Norman, 1936). The 
crude protein content of the leaf also declines with maturity. The 
relation between leaf:stem ratio and herbage composition has recently 
been clearly shown by Waite and Sastry (1949). 

Under good management, grass is allowed to mature in this way 
only when hay is made, but even with swards which are repeatedly 
cut or grazed the combined effects of the floral reproductive phase and 
of the weather result in marked seasonal variations in the yield and 
composition of herbage. In particular, herbage tends to become 
stemmy and low in protein content in May and June and to become 
leafier and higher in protein content in late summer and early autumn. 
Typical seasonal variations in the yield and quahty of grass clover 
swards cut at regular intervals are shown in Fig. 2.1. The growth 
rate rises to a peak when flowering starts but during the period of 
reproductive growth the quahty of the herbage declines. Dry con- 
ditions or a lack of plant nutrients may depress the yield and also the 
quality of herbage at this time. The vegetative phase resumes after 
June. If weather permits, the rate of growth may rise again, but it will 
not reach the maximum rate found in early summer. 

herbage species 

Although many species of grasses, clover and other legumes are 
found in grassland, productive lowland grassland in Britain consists 
primarily of one or several of the following vigorous species : Italian 
ryegrass ( Lolitim italicnm) ; perennial ryegrass ( Lolittm perenne); cocks- 
foot [Dactylis gJomerata) ; timothy ( Phleinn pratense) ; meadow-fescue 
(F estuca pratensis ); rough-stalked meadow grass (Poa trivialis) ; and 
smooth-stalked meadow grass (Poa pratensis). Tall fescue ( Festttca 
elatior) is also occasionally sown. Several invading species are normally 
found in association with the sown species but they only form a large 
proportion of the sward where management or soil conditions are un- 
satisfactory : these include, notably, agrostis species (e.g. Agrostis tenuis 1 
Agrostis stolonifera); annual meadow grass ( Poa annua); Yorkshire fog 
(Hokus lanatus) ; sweet vernal (Anthoxanthum odoratum) ; crested dogstail 
(Cyiiosuriw and red fescue (Festttca rubra). These grasses 

arc of low productivity and have a short annual period of growth. 
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A considerable amount of work has been earned out in the last 
thirty years m the comparison of the more vigorous spears and the 
selecuon andbreedmg of different strains within each species for vanous 
purposes, especially the dev’clopmcnt of leafy high-nllcnng persistent 
strains Whether or not the genetic differences which have been 
developed show themselves in practical conditions, however, depends 
very much on the environment and management to which the grasses 
arc subjected In general, differences in annual yield cither betw ecu the 
important sown species or betw ccn their different strains are relatively 
unimportant compared with differences in persistency', lcafincss and 
the seasonal distribution of yield (Holmes and MacLusky, 1955 b. Hunt, 
1956) In ryegrasses, for example, differences in productiv ity betw ccn 
bred sttams and commercial strains have been found to be slight m 
the first few years after sowing but the bred pasture strains are more 
leafy and persistent although as much as three weeks later in spring 
growth (Heddlc, Dawson and Gregor, 1950, Kirkwood, Gilchnst and 
Thomson, 1954 , Prendergast and Brady , 1955) 

Of the leguminous plants sown m assoaation with grass, only four, 
white clover {Trfohum repens) red clover (Tr, folium pratense), Alsikc 
clover {Tr folium hybrid, tm) and lucerne {Med, caoo sahva) arc important 
White clover is almost mvanably used for grazing purposes Several 
bred strains of white clover ate available which differ both in vigour of 
growth and persistency Davis and Cooper (1953). for cxkmplc, 
1 I W™ “ bs “ M Feeney and annual ptoduc- 
XeX T Sl0C n' v1 "" cWl ° n >>Xnc handand aDutch 
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tbe most vigorous growth, grass should be alternately rested and 
defoliated. The frequency, duration and severity of each defoliation 
affect the yield and quality of the grass produced and the persistence of 
individual species of the sward. As the data in Table 2.1 show, the 


TABLE 2 . 1 , Vie effect of different frequencies of anting or grazing on the dry-matter 
yield and crude-protein content of grassland 

100 lb. dry matter per acre approx. 


Cutting experiments 

Approximate interval between cuts (weeks) 
r 2 3 4 J 

(1) Woodman et al. (1929)* 

1 I9‘8 

25 -6 

32*2 

— 

— 

Crude protein content 
(in D.M.) % 

24*7 

23*5 

21*1 

20*2 

_ . 

(2) Hamblyn (1954)1 

31-5 

42*1 

50-1 

— 

66-2 

Grazing experiments 

10 

No. of grazings in the season 
654 

— 

(3) Williams (1952) 






(a) No fertilizer 

39.0 

6i-o 

— 

— 

— 

(b) 70 lb. N per acre 

53*0 

70-0 

— 

— 

— 

W 139 lb 

56-0 

6s-0 

• — 

— 

— 

00 278 lb. „ „ „ 

66-0 

76-0 

— 

— 

— 

(4) Bosch (1956) 

— 

97'2 

103*5 

108-0 

— 


* The values for crude protein were derived from four separate years (Wood- 
man et at. 1931). 

f The values quoted here are averages for four years' application of each treat- 
ment on a New Zealand sward. 

more frequent the defoliation, the lower is the yield of dry matter at 
each defoliation and for the season as a whole (Woodman et al., 
* 93 * ; Jones, L. I., 1933 ; Hamblyn, 1954; Williams, 1952; Bosch, 1956). 
However, the herbage at each defoliation is less mature, that is, leafier, 
higher in crude protein content and lower in fibre content. In 
practice a compromise must be found between yield and quality 
according to the class of grazing stock for which the herbage is pro- 
duced or the method of conservation. 

The effects of frequency of defoliation on yield appear from some 
of the results in Table 2.1 to be less pronounced in grazing than in cut- 
ting conditions, but tills point requires investigation within one experi- 
ment since comparison between experiments in this way can be 
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misleading The relatively small increase shown by Bosch (in Table 
2 1) may be due to the high general level of yields in his data, for 
Williams's (1952) results suggest that a reduction in the frequency of 
grazing gives a smaller increase m yields at high levels of fertility than 
at low levels 

The effect on herbage yields of seventy of defohation (1 e the level 
down to which grass is cut or grazed) has also not yet been fully 
examined It has been generally accepted that the greater the seventy 
of each defohation, the less is the yield of herbage in the season 
(Stapledon, 1924, Roberts and Hunt, 1936) This is because the 
removal of increasing amounts of leaf makes regrowth increasingly 
dependent on the plant’s food reserves m the base of the stem or the 
root, rather than on photosynthesis Root development, however, is 
also reduced by close defohation (Troughton, 1957) From studies 
with Italian or hybnd ryegrass and red clover swards, Brougham (i95 6 ) 
concluded that for the maximum herbage production per acre the 
amount of leaf remaining after defoliation should be sufficient to ensure 
complete hght mtcrception by the sward In this particular sward the 
optimal area of leaf for this purpose and the most rapid rate of recovery 
-acWbycuttmgtosm rather than 3 or 1 in Similar general 
by another New Zealand worker. Mitchell 
and HvdeTro w-" 1 WUh sm 6 ,e plants and by Stewart 

Inlmfhiwir ?” ST 8 PnCt,CC Re,i w ■* *>* Hannah 
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different expenme^ ho ^ ™ tad ‘ ctI ° 1 ' between the results of 
investigation at several centres ’ ^ Uircs ^ “ receiving further 
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Grass species and strains differ in their ability to withstand close or 
frequent grazing. Perennial ryegrass, for example, can withstand 
frequent close grazing which would eliminate cocksfoot (Jones, M., 
1933)* The location of the plant's food reserves, whether in the root 
(in perennial ryegrass) or in the base of the stem (timothy and cocksfoot) 
and the effects of competition between plants (especially for light) are 
important factors affecting the vigour and persistence of individual 
strains or species in the sward under different systems of management. 
The classical experiments on the influence of grazing management on 
the botanical composition of a sward were those carried out by Martin 
Jones (1933) at Jealott’s Hill. Tliis work was substantiated later by 
L. 1. Jones (1939) at Aberystwyth. These workers showed that as a 
general rule the defoliation of any one grass in the period when it was 
actively growing reduced its vigour and its ability to compete with 
other species later. To allow it to develop, on the other hand, 
strengthened its root system and increased its competitive power for 
water, nutrients and light. For example, repeated severe grazing of 
early-growing grasses in successive springs weakens them and allows 
clover and later grass species to develop. The poorer species of grass 
(Agrostis spp.; Pon spp.) do not reach maximum growth until early 


summer. Undergrazing at this time of year strengthens these especially 
if the better grasses have been weakened by hard grazing earlier in the 
season. If such treatment is repeated in successive seasons the sward 
degenerates until it is dominated by the poorer grasses. 

These principles may be applied in a planned rotation of treatment 
designed to provide herbage for conservation or grazing at various 
times of the year without deterioration of the composition of the sward 
(Davies, 1952). An example is shown in Table 2.2 (Moore, 1943). 


TABLE 2 . 2 . An example of rotation of treatment of grassland (based on Moore, 1943) 
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IRRIGATION 

From what has been said earlier on water deficit and its effects on 
seasonal variation on the growth of grassland, it w ill be appreciated 
that in most years irrigation may be expected to increase the production 
of grassland not only in the south-east where the water deficit is most 
acute, but m most lowland districts m Britain. 

Increases in yield from irrigation in the south-east of Britain have 
been substantial m dr)’ seasons, but small in w et seasons For example, 
Schofield (1952, 1953) reported tint in 1933 the provision of 5 in. pci 
acre of water raised the yield of grass at Rothamsted from 68 to 98 cwt 
of dry matter per acre, but that m 1952, a wet season, the same amouni 
of water increased yields from only 82 to 92 cwt. per acre. The effects 
of irrigation on the yield of pastures have also been studied over many 
years at the Jealott’s Hill Research Station in the Thames valley, where 
t e ram a averages 28 in. a year. Between 1932 and 195 r an average 
app cation o 67 m. of water per acre in each season increased the 
ydd on average by about i ton of dry matter per acre, that is. 3 cwt. of 

foTeTri^ov' pcr m -. 0 , f "'” cr W»)- Obviously, therc- 
P° is,lnkies «nhn g sncrcases in the output of 
,mp0tUnt “ «* widespread use could 

be cost oc difficulty m procuring a supply of water 

hertSd TfP lm W ‘o certain arable and 

those expected from^grassland^ Ictunis "ere higher than 

unduly hich an ,l -l;-. Tbacou of irrigation however, is not 

justified if hethage gto^Si Tot o t r' U ” S ' U!U:l1 ' V0U,J ^ 
shortage that thpfrfdm c WC °, nviSe so depressed by water 
resorted tm ™ °f conserved and concentrated feeds had to be 

been given hyIiwis C (t9^)^Vf W1 ' C FU V ,' r tI,c 1' can 1931-51 has 

figure, £2-85, and more recentW Wrf.uf E ivcn 3 simiUr 

as only £1.5 pcr acre . y ^ht (1956) has estimated the cost 
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content of grass, and the succulence of irrigated herbage ensures its 
payability to grazing stock. 

Wind (1954) has shown that moisture loss through evapo-transpira- 
tion is not increased when yield is increased by the use of nitrogen 
fertilizer. The use of irrigation together with nitrogen fertilizer, 
therefore, increases the efficiency with which both the water and the 
fertilizers are used. 

THE VALUE OT CLOVER 

The main natural source of nitrogen to the grass crop is clover. 
That atmospheric nitrogen is fixed by clover-root nodule bacteria is, 
of course, well known, but the mode of transference of this nitrogen to 
the grass has been the subject of controversy for some time. It appears 
that in farming practice the most important mode of transference is 
through the grazing animal (see Melville and Sears, 1953; Walker, 
Orchiston and Adams, 1954; Walker, 1956). 

The contribution of clover to the nitrogen requirements of grasses 
and to the productivity of the sward as a whole is governed by the 
vigour of the clover strains present, by climate and by management. 
Estimates of the amount of nitrogen made available yearly from this 
source range from 175 lb. per acre in this country (Holmes and 
MacLusky, 195 $b) to as much as 600 lb. per acre in New Zealand 
(Walker, 1956). Obviously clover as a source of nitrogen should not 
be neglected and one of the major economic questions in grassland 
management is the extent to which the legume can be relied on as a 
source of nitrogen and in what circumstances it should be supple- 
mented or replaced by fertilizer nitrogen. 

The grass-legume association suffers from at least three disadvantages. 
First, growth may be slower in the spring than with fertilizer nitrogen 
(Blackman, 1936). Second, the production obtainable from the grass- 
clover sward is often lower than that obtainable with the application 
of nitrogenous fertilizer. Third, the incidence of bloat in cattle is 
often closely associated with a high legume content in the sward. 

In practice, economic and climatic factors influence the relative use 
of the two sources of nitrogen. In New Zealand where fertilizer 
costs arc high and climatic conditions favourable to clover, fertilizer 
nitrogen is rarely used. In the Netherlands, on the other hand, 
where fertilizers arc cheap, heavy use is made of nitrogenous fertilizer. 

In Britain liberal amounts of fertilizer nitrogen are used on some farms, 
particularly those engaged in producing grass for artificial drying or 
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small farms where high output per acre is essential, but a compromise 
is more common m which both sources of nitrogen arc used 

FERTILIZER NITROGEN 

Provided that the mineral supply, moisture supply and soil tempera- 
ture are adequate the yield of grass is extremely sensitive to fertilizer 
nitrogen Grass is mdeed more responsive to high levels of nitrogen 
manuring than most other crops (Yates and Boyd, 1949) and the effic- 
iency with which it converts nitrogen to plant material is relatively 
high 

The mam factors governing the response to nitrogen arc the fre- 
quency of defoliation, the tuning and level of application, weather 
conditions and the species of grass Where clover is making a sub- 
stantial contnbimon to Ac yield of grassland, Ac effect, of nitrogenous 
femluer which arc described below may be reduced 

oreat C -o m T\ m ^ J , of 1 ’ cibl g' 1*' of nitrogen applied is 
8 “’ lt " the ™ lrd u c “‘ frequently For this reason Ac 

or P rr n ? fm V°re' ! 8r ”'" f ° r "“P* P“>“ r “ 
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ferences arc not available for swards cut repeatedly during the season, 
but the general level of response to heavy applications of nitrogen 
quoted for such swards by Boyd and Lesscls was similar to responses 
found at the Hannah Institute in Ayrshire when a sward containing 
clover was used as control (Tabic 2.3). 

TABLE 2.3. The response of dry matter per pound fertilizer nitrogen applied to 
swards for silage or artificial drying 


Fertilizer 
nitrogen 
(lb. per acre) 

Response of dry matter per lb. N applied 

Boyd and Lesscls survey 
of 40 experiments m 
the Umtcd Kingdom 

\ Hannah Institute 
in Ayrshire 

34-67 

20 



78-179 

16 

20 

190-336 

12 

17 


There appears to be no great variation between different parts of 
the country in the efficiency of nitrogen recovery as distinct from the 
dry-matter yield response. The effect of fertilizer nitrogen on the 
vigour of the clover is of more importance than regional differences in 
affecting the net return from fertilizer nitrogen. Between 40 and 70 
per cent of the nitrogen applied may be recovered on pure grass 
swards but on clover-grass swards the suppression of clover by ferti- 
lizer nitrogen may result in a net recovery of only 0-40 per cent. 
(This is discussed m greater detail on page 43.) Since even in the best 
conditions 30 per cent of the nitrogen applied is not recovered in the 
crop, the fate of fertilizer nitrogen on and in the soil invites further 
study. 

The efficiency of nitrogen utilization and the dry-matter yield 
response have been shown to be highest in the spring (Holmes, 1949) 
but this is governed by the earliness of the grass. Early-flowering 
strains show high recoveries and late-flowering strains low recoveries 
of nitrogen in the early spring (Holmes and MacLusky, 19556). I11 
midsummer the efficiency of nitrogen utilization may be reduced by 
drought, but some of the nitrogen applied may be utilized at a later 
date. In the autumn, of course, the efficiency of utilization declines 
because of declining temperatures and day lengths. However, even 
in die south-east of the country, nitrogenous manuring results in £ more 
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uniform growth curve during the season and improved production in 
m the second half of the season (Watson, Procter and Ferguson, 1932) 
Different species of grass may show differences in efficiency of nitro- 
gen utilization A recent companson of several common species and 
strains of grasses grown without clover showed that when nitrogen 
was applied, while all the grasses had similar crude protein contents, 
cocksfoot gave the greatest mcrease in yields of dry matter and crude 
protein, followed by timothy and, lastly, ryegrass There were no 
consistent differences between strains within species, except as already 
mentioned m seasonal variations m response to nitrogen (Holmes and 
MacLusky, 1955&) 


No consistent differences in efficiency have been found between the 
nitrogenous fertilizers m common use in this country provided they are 
applied m quantities which supply similar amounts of nitrogen 
Nitrogen in the form of nitrate (NO a ), however, is slightly quicker 
acting than in the form of ammonium (NHJ There is a loss of I* lb 
calcium carbonate from the sod for each lb of sulphate of ammonia 
app ic ( 'is, 1938), but this can be remedied by liming or prevented 
by the use of a neutral nitrogenous fertilizer 


THE EFFECT OF FERTILIZER NITROGEN ON BOTANICAL 
COMPOSITION 
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thrive under a system of regular cutting when heavy nitrogen dressings 
are applied. With the more flexible management applied to pastures, 
however, the problem is less serious. 

THE EFFECT OF FERTILIZER NITROGEN ON THE YIELD OF 
GRASS-CLOVER SWARDS 

Because clover is depressed by competition from the grasses when 
fertilizer nitrogen is applied, the net increase in dry-matter yield from 
the application of nitrogen is not so great on grass-clover swards as 
when it is applied to pure grass swards. In fact, an increase in yield 
from fertilizer nitrogen applied at one season or in one year may result 
in subsequent reduction in yield unless nitrogen applications continue 
(Holmes, 1951 ; Walker, Edwards, Cavell and Rose, 1952). 

The suppression of clover increases with increasing amounts of 
nitrogen applied, and is greater the more advanced the herbage is 
allowed to become before it is defoliated (Walker, Edwards, Cavell 
and Rose, 1953). Therefore, where herbage is regularly fertilized 
with nitrogen and cut at a long leafy stage, the clover content of the 
sward is rapidly depressed, but where the grass is kept short under a 
system of continuous or frequent grazing, the use of nitrogen will not 
necessarily reduce the amount of clover present (Hamilton, 1950; 
Williams, 1952). 

There are marked differences between different species and strains of 
grass in their compatibility with clover which are accentuated when 
nitrogen is applied regularly. The extent to which clover is depressed 
when nitrogen is applied depends on the time of application in relation 
to the growth rhythm of the companion grass and on its vigour and 
growth habit. In an experiment at the Hannah Institute, the results of 
which are summarized in Table 2.4, it was found that grasses which 
when grown alone were most responsive to nitrogen, yielded least 
when grown with clover and gave small responses to regular dressings 
of nitrogen when grown with clover. For example, some cocksfoot 
strains suppressed the clover more and yielded less when grown with 
clover than did timothy or ryegrass. The effect of nitrogen was to 
accentuate these differences in compatibility. The time of application 
appeared to be important in this respect . The greatest depression in 
clover content occurred as a result of the spring application especially 
with ryegrass. These effects may not be found under grazing con- 
ditions if the stocking intensity is adjusted to keep pace with the growth 
of the grass. 
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TABLE 2 4 Dry-matter yields (ioo 16 per acre) of various strains and species grown 
alone and grown with clover or fertilizer nitrogen or both 


Species and strain 

Grown 

Grown 


Grown with 


without 

with 

without 

clover 


clover 

clover 

clover 

+ 




+ 

20 cwt 




xo cwt 

‘Nitro-Chalk' 




4 Nitro-Chalk' 


Ryegrass Sioi 

21 

48 



Ayrshire 
Cocksfoot S26 

Danish 

Timothy S48 

Scots 

Meadow fescue Ss3 

21 

21 

25 

20 

20 

52 

33 

49 

40 

52 

49 

51 

74 

73 

60 

61 

Si 

70 

65 

79 

78 

79 

75 
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is no difficulty in maintaining the clover at rates up to 450 lb. per acre. 
Much will depend on the species of grass in question. 

The clover content is not always an index of the productivity of a 
sward. Williams (1952), for example, has shown that with a sward 
grazed 10 times in the year clover was maintained and a high recovery 
of fertilizer nitrogen obtained with applications of up to 378 lb. N per 
acre: but that with 6 grazings the yield of herbage dry matter was 
higher, although the clover content and the recovery of nitrogen were 
both depressed. It is important, therefore, that in attempting to 
encourage the growth of clover the frequency of grazing is not so high 
as to impair unduly the vigour of the grasses and so prevent them from 
benefiting by their association with clover. 

The benefit of nitrogenous fertilizers may lie in the provision of 
herbage at times when it is required, rather than in any substantial 
increase in yield over the long term. The optimal times and rates of 
nitrogenous manuring for different swards and management methods 
which will allow' the benefits of nitrogenous fertilizers to be gained 
without damaging the clover require further study. 

THE EFFECTS OF PHOSPHATE AND POTASH 
The importance of phosphate has been widely appreciated since its 
effects were demonstrated in early work at Cockle Park (Gilchrist, 
1906; Somerville, 1924). In that work the value of phosphate lay in 
the invigoration of the clover in the sward. Phosphate also encourages 
a strong root system and for this reason generous dressings of phosphate 
are important in the successful establishment of grass-clover swards 
(Stewart, 1952). 

Phosphatic fertilizers have been widely used on the better British 
grasslands in the past 20-30 years and it is probable that on many 
pastures continued heavy phosphate dressings arc unnecessary. Lewis 
(1955) has recently commented on the lack of response of British grass- 
land to phosphate; experiments at the Hannah Institute (Holmes and 
MacLmky, 195511) showed no phosphate response until after six years of 
Very intensive management; and Norman (1956) has shown that small 
dressings ofsupcrphosphate (37 lb. per acre) applied thrice in each season 
were as effective in maintaining grass production as heavier dressings 
although die latter increased the phosphorus content of the herbage. 
Moreover, it is now considered probable that a vigorously growing 
grass sward can release so-called fixed phosphate from the soil. For 
example, Stewart and Holmes (1953) using heavy nitrogen dressings 


45 



Ammal Health, Production and Pasture 


removed some 70 lb P 2 0 6 per acre annually for four years from plots 
which had received no phosphate and which were on a soil with a high 
fixing capacity 

It may be concluded, therefore, that on the better lands of Britain 
relatively light phosphate dressings applied frequently arc adequate 
unless there is evidence of a low phosphate content m the herbage, 
when heavier applications will be beneficial On the other hand, 
there is a growing appreciation of the importance of potash m maintain- 
ing production from grassland This will be readily understood when 
it is considered that while the P 2 O s content of grass dry matter is 
normally between o 5 and 1 6 per cent, that of K 2 0 is between 2 and 
5 per cent Where herbage is cut and removed, therefore, the amount 
of potash returned has a crucial effect on the yield and botanical com- 
position of the sward (see also Melville and Sears, 1953) 

Table 2 5 summarizes the first six years’ results of an experiment at 
the Hannah Institute in which a predominantly ryegrass sward was 


TABLE 25 Average y over six years {in 100 lb per me) dry matter of a mixed 
sward with and without nitrogen, phosphate and potash 

CThe nitrogen dressing was 520 lb N per acre split over four or five cuts 
in the season) 


Treatment 

1947 

1948 

1949 

1950 

I9S1 

1952 

Mean 

Without nitrogen 

No minerals 

Phosphate 

Potash 

Phosphate and potash | 

S3 

46 

35 

51 

51 

37 

39 

53 

37 

31 

38 

47 

33 

35 

35 

49 

36 

35 

44 

71 

47 

37 

52 

43 

37 

40 

55 

IVith nitrogen 

No minerals 

Phosphate 

Totash 

Phosphate and potash 

86 

92 

99 

8 i 

53 

6 i 

88 

8 i 

43 

51 

92 

97 

37 

38 

93 

94 

38 

38 

100 

io 8 

48 

38 

106 

116 

51 

53 

96 

96 
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Vengris and Colby, 1951) are able to survive although at a low level of 
yield, in soils depleted of potash. When neither nitrogen nor potash 
was applied the same deterioration occurred in the sward but at a much 
slower rate. Where adequate potash was given a big response to 
nitrogen was obtained and yields were maintained or even increased 
over a period of ten years with a gradual increase in the proportion of 
vigorous grasses (mainly ryegrass and timothy). This incidentally 
resulted in earlier growth each season. 

The importance of potash for the maintenance of a vigorous stand 
of clover has been shown by Blascr and Brady (1950) in America. 
These authors found that dressings of 150 lb. K 2 0 per acre in the year 
increased the amount of clover to two or three times the original 
amount in the sward whether or not annual dressings of 100 lb. N were 
given. It does not follow that heavy dressings of potash will main- 
tain the clover content of a sward given heavy dressings of nitrogen 
and cut repeatedly. In these conditions clover is eliminated pre- 
sumably because of shading by the grasses (Holmes and MacLusky, 
I 955 <*). 

The effects of potash on the yield and botanical composition of 
pastures are not so pronounced as on grass cut for conservation because 
grazing animals return a large proportion of the phosphate and potash 
they consume. Unfortunately, there is scarcely any experimental 
evidence available on the potash requirements of pastures. Wherever 
herbage is cut for any form of conservation, however, and on pastures 
on dairy farms where so much potash is lost in byre drainage, the potash 
requirements of pastures are probably much higher than they are 
generally supposed to be. 

THE EFFECTS Or rAECES AND URINE 

The effects of the faeces and urine of grazing animals on the botanical 
and chemical composition, productivity and manurial requirements of 
grassland have recently been the subject of direct investigations by 
Scars and others in New Zealand (c.g. Sears and Ncwbold, 1942) and 
by Watkin (1954) in this country. These studies have been carried 
out using sheep, and the emphasis until recently has been on the nitro- 
gen contribution of excreta rather than the mineral balance. It is to 
be hoped that similar studies will be carried out if possible using dairy' 
cattle and that the mineral status of the soil will receive attention, since 
with dairy cattle the loss of plant nutrients is greater than with other 
cusses of stock. 
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The effect of excrements on the sward is almost entirely explained 
by their contents of nitrogen and potash (Walker, Orchiston and 
Adams 1954, Mundy, 1961) Dairy cattle excrete m urine and dung 
about 70 per cent of the nitrogen, 63 per cent of the phosphorus, 86 per 
cent of the potassium and 65 per cent of the calcium they consume 
(Bear and Bender, 1948) The unne contains about 50 per cent of the 
nitrogen and 84 per cent of the potash excreted and these arc both in 
readily available form Practically all the phosphate and the magne- 
sium excreted are contained in a less readily available form in the faeces 
Since the palatabihty of herbage to dairy cows is increased by urine 
and reduced by faeces (MacLuslcy, i960) the available nitrogen and 
potash but not the phosphorus or magnesium, utilized by the plant 
arc consumed again and redistributed at each grazing Because the 
effect of unne on the growth of the pasture is more pronounced than 
at o aeces, the overall effect of excrements is to stimulate the growth 

ofgrassratherthanofclover(SearsandThurston, 1952) 

tne amount of nitrogen returned to the soil in an available form by 
ken K, f? ,ei ^ Walkcr Orchiston and Adams 
the cxcrct a" CCnt , 0 f "'""gen consumed Although not all 
1° dc ,°PP e ^ f the cow while at pasture, this estimate 

estimated by'^oWsV^ald T° 8e " C ‘ >n , tnkmcd P' r cow F er 
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THE MINERAL AND TRACE ELEMENT CONTENT OF HERBAGE 
The mineral content of herbage is related mainly to the content of 
available minerals in the soil. There is not normally any important 
difference in mineral content between different species or strains of the 
principal cultivated grasses, but these arc richer in minerals than the 
less vigorous grasses such as Fcstuca rubra or Nardus stricla which arc 
found on the poorer soils (Thomas, Thompson, Oycnuga and Arm- 
strong, 1952). The values given in Table 2.6 may be taken as fairly 
typical for cultivated grassland herbage. 


TABLE 2 . 6 . The decline ui the mineral and trace element content of herbage with 
increasing maturity (Thomas ct al , 1952) 

The values shown are contents m the dry matter. 


Perennial ryegrass 

Young 

leafy 

Long 

leafy 

Flowering j 

Mature 

Calcium (% CaO) 

0-94 

0*84 

0-51 

0*50 

Phosphorus (% P,O s ) 

0-69 

o* 72 1 

0*57 1 

o *57 

Potassium (% KjO) 

2-78 

2 * 7 t 1 

2-36 

2-32 

Magnesium (p p.m. MgO) 

o-5X 

o -34 

0*27 

0‘4r 

Copper (p.p.m. Cu) 

15*20 

7-io 

4-80 

6*50 

Cobalt (p.p m. Co) 


0-17 

o-is 

0-14 


There is, however, considerable variation in the mineral content of 
herbage according to the mineral status of the soil, manuring, stage of 
maturity and the season oc climate ( Deijs and Bosch, ig$i 
When the mineral status of the soil is inadequate for the growth of 
the vigorous grass species these are replaced by less productive species 
(p. 46). If nutrient is scarce and therefore acting as a limiting 
factor to growth, further applications of a nutrient may result in 
‘luxury consumption’ by the plant. As a general rule an increase in 
the concentration of one cation on the soil increases the concentration 
in the plant of that cation at the expense of others (Marshall, 1944). 

Drought is reported to have little effect on the calcium content and to 
have irregular effects on potassium but it depresses the phosphorus 
content sharply (Ferguson, 1931), probably by reducing the availability 
of phosphate in the soil (Wolton, 1955). 

The effect of nitrogenous fertilizers is to increase the content of 
calcium, magnesium and sodium in grass, but not generally the content 
of phosphorus or potassium. Although nitrogen increases the calcium 
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content of grasses, the depression of clover winch occurs when nitrogen 
is applied to a grass-clover sward reduces the calcium content of the 
sward as a whole (Walker, et al , 1952) Stewart and Holmes (1953) 
found that the content of manganese and other trace elements was 
unaffected except for copper, whose content was markedly increased, 
but that these effects depend on the reserves of each nutrient in the soil 
On sod deficient in phosphorus, the effect of nitrogen may be to depress 
the concentration of phosphorus in the plant, while on soils rich m 
phosphorus nitrogen may increase it (Walker, et al , 1952) Hignett 
and Hignett (1951) have suggested that the ratio of Ca P 2 O e in the 
diet may influence the fertility of cattle This ratio can to some extent 
e controlled by adjusting nitrogenous and phosphatic manuring 
Nitrogen applications reduce the clover, and therefore, the calcium 
ofthedi 'b C applications increase the phosphorus content 

C 5 CCt °^ potas k fotohzers is to maintain the potash content in the 
absent n? n ! tr0gen lsa Ppk e< * and to increase the potash content in the 
a reduction^nTlf” 1 ^ m P otash content is associated with 
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manorial Requirements 
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however, has until tecentlv re * year Most grassland, 
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treatment particularly with mfrn q ^ m0re g mcrous manurial 
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adequate to maintain herbage yield and these will reduce the likelihood 
of high potassium concentrations in the pasture herbage (Castle and 
Holmes* i960). 

At the other extreme with beef cattle or sheep when no excrements 
or herbage are removed from the field, annual dressings of 1-2 cwt. 
superphosphate and 1 cwt. of 60 per cent muriate of potash per acre 
are adequate to maintain fertility. On heavy soils rich in potash, 
smaller dressings of potash might suffice; on light sands, chalks or 
gravels, twice as much potash might be found necessary. These 
amounts should be increased in proportion to the amount of herbage 
removed for conservation. 

The optimal rate per application for nitrogenous manures for pastures 
* s 3 S-SO lb. N per acre, that is, 2-3 cwt. ‘Nitro-Chalk’ or 2-zJ- cwt. 
sulphate of ammonia. Less than this may depress the clover and fail 
to produce any marked increase in yield. Higher rates up to roo lb. 
N per acre are suitable for silage and dried-grass crops. With efficient 
grass management, and provided allowance is made for mineral require- 
ments, there is no reason why such dressings should not he applied 
three, four or five rimes in the season. 

THE UTILIZATION OF GRASS 

THE IMPORTANCE OF EFFICIENT UTILIZATION 

Although grassland is potentially one of the most productive crops, 
the quantity of feed actually utilized from grassland is on the whole 
extremely low. The fault often lies not m low productivity but in 
inefficient utilization, or in other words, bad grassland management. 
Although the average grass-clover sward can be expected in Britain 
to produce in a season at least 5,000 lb. of dry matter per acre, equivalent 
to about 3,000 lb. of starch equivalent, the average yield of utilized 
starch equivalent has been estimated to be as low as i,roo-r,300 lb. 
per acre (Hamilton, 1952). It is possible that this low output is an 
underestimate, because the system by which utilized starch equivalent 
output is normally estimated (Barker, Cray, Foot, Ivins, Jones and 
Williams, 3955) is subject to several errors to which grassland becomes 
the ‘residuary legatee* (Cooper, 1954). But there is no doubt that 
utilized output of our grassland is low, that it compares unfavourably 
with some other countries and that it could he raised hy better manage- 
ment. 

An example of the loss in grass utilization in grazing was given in a 
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Swiss experiment by Grand] can (1937) On one half of a pasture the 

production of starch equivalent was estimated by cutting the herbage 
and by chemical analysis The yield of starch equiv alcnt v. as twice that 
estimated to have been utilized by dairy cattle grazing the other lialf of 
the pasture Improvements in management in the subsequent year 
raised the utilized output to almost 75 per cent of the possible output 
Calculations of this sort are, of course, subject to serious errors, but the 
important point this experiment demonstrates is that a substantial 
increase in utilized output was gamed simply by improving grazing 
management Similar results have been shown by Eylcs, Williams and 
reen (1956) Attention has also been drawn to the same situation 
on New Zealand pastures where a total yield of 9 000 lb herbage dry 
™T, r pc u a ? c £ rcad ?y obtuncd (McMcekan, 1952) Although 
600 lh su PP*y tbc Hutncnts for cow s and the production of 

wTlds of ? aCTC McMeckan Ported out that m practice 

yields of over 300 lb per acre are seldom achieved 

grazing methods 
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(see p. 59). O11 commercial dairy farms, however, the number of 
stock is relatively constant and this adjustment of stocking intensity 
cannot usually be made unless a concession is made to the rotational 
system. It will be appreciated, of course, that additional grass is 
commonly available for stock after hay or silage has been produced 
from part of the farm and that in this way some additional pasture is 
nearly always made available in the second half of the grazing season. 
Nevertheless, sct-stockcd pastures in the first half of the grazing season 
are either understocked to allow a safety margin for the dry spell, with 
the result that the bulk of the herbage produced at the peak growth 
period is wasted; or they are too heavily stocked and supplementary 
feed is offered when the growth rate of the herbage fails to keep up with 
the animals’ requirements. In both these ways, productive potential 
is wasted. 

Rotational or ‘ paddock ’ grazing. It is generally accepted that the 
greatest production of herbage is obtained when grass is rested for a 
period, then defoliated rapidly and rested again, although this has not 
been fully investigated in grazing conditions. Evidence has already 
been quoted to show that with increasing frequency of defoliation the 
amount of herbage produced declines, but that the feeding value per 
unit weight increases (p. 35). The art of rotational grazing manage- 
ment lies firstly in finding the correct balance between the need for a 
high output per acre of herbage (which is encouraged by defoliation at 
infrequent intervals) and the need for herbage of sufficiently high 
quality for the animal in question; and secondly in devising methods 
whereby a suitable sequence of rest and defoliation can be provided. 
In current British practice, paddock size and stocking intensity are 
preferably arranged so that each paddock is grazed down in 4-7 days. 
To achieve this the stocking intensity should be about 10 cow equiva- 
lents per acre. The acreage available must, therefore, be divided into 
a number of fields or paddocks to permit a succession of grazing. A 
simple system involves the use of four paddocks — each one grazed for 
one week and rested for three weeks. But to permit the farmer to 
cope with the variations in rate of growth which occur it is preferable 
to have a larger number of paddocks, some of which should be cut 
for conservation when growth has been rapid. Such a system has 
been described in detail by Voisin (1951, 1959 ). 

Although the advantages to herbage production of allowing long 
periods of rest have been demonstrated when the herbage was cut, 
comparisons of continuous and rotational grazing methods have not 
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always shown an) marked ad\antagc for the latter m terms of utilized 
output The increase m production per aac has ranged from, for 
example ml (Carrier and Oaldc), 1914, Holdawa) and Pratt, 1933) 
to 9 per cent (Hodgson, Grander, Knott and Ellington, 1933), from 
12 to 15 per cent (New Zealand Department of Agriculture, 1934* 
1955). ar >d to 20 per cent (Woodward, Shepherd and Graces, 1933 1 
Pratt and Davis 1954) When dad) fold-grazing was superimposed 
on the rotational system (a procedure which might be expected to 
enhance any superiority of rotational grazing) the increase in utilized 
output compared with continuous grazing has \ aned from ml, \\ hen 
stocking rates per aac were equal but adjusted according to normal 
variation m herbage growth (Arnold and Holmes 1958) to 10 per cent, 
when stocking rules were similarly adjusted but not qmte equal 
LT » MacLusky and Holmes 1958) and 300 per cent, when 

pra7in* S m atCS j Were ad J mtc<1 m fold-grazing but not ui continuous 
grazing (Brundage and Petersen, 1952) 
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despite the advantages of rest periods shown in machine-cutting 
experiments is possibly to some extent due to a difference between 
cutting and grazing conditions (such as the longer duration of each 
period of defoliation in grazing as compared with cutting) but, as 
Table 2.7 shows, it is mainly due to poor utilization in the sense of was- 
tage either in the field or in the animal (Bosch, 1956). Failure to adjust 


TABLE 2 . 7 . The difference between herbage dry-matter production and utilized 
production at different frequencies of grazing (Bosch, 1956) 

100 lb. per acre approx. 


No. of 
grazings in 
the year 

Herbage dry matter | 
per per 

! grazing year 

Herbage 

starch 

equiv. 

Utilized 
starch j 
equiv. 

Loss in S.E. 
in utilization 
% 

6 

16 

97 




5 

21 

104 




4 

27 

108 





the stocking rate to the increased amount of herbage available, if the 
herbage is of good quality, may result in the animal consuming herbage 
in excess of its requirements or abilities for production: if the herbage is 
allowed to become too coarse when grazed there will be a decline 
both in intake and in feeding value and much of the herbage may be 
left uneaten (Waite, Holmes, Campbell and Fergusson, 1950; Van der 
Klcy, 1956). In addition to possible wastage of surplus herbage, graz- 
ing stock are free to tread and to foul edible herbage before it is grazed. 
Although the amount of herbage so wasted is not usually very great, 
more damage is probably done this way than in continuous grazing, 
since in the rotational system a greater amount of edible herbage is 
concentrated on to a smaller area at each grazing. This, among the 
sources of wastage, increases with increasing yields of herbage (Bosch, 
* 950 , 1956). Another drawback to rotational grazing is that the 
nutrient intake of the animal, and, therefore, its productivity, are subject 
to great variation (Raymond, Minson and Harris, 1956; Van der Kley, 
J 9$6), This arises from the grazing habits and preference of grazing ' 
animals. On entering a fresh field, cattle first of all * tip’ the herbage, 
that is, they consume the topmost leaf. This is the most nourishing 
part, as Table 2.8 shows. It is also the most palatable. As a result 
their intake of nutrients on the first day or two of grazing is very high, 
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TABLE 2 8 Analysts of the leaf t ps selected by cattle con pared with the rest o 
herbage (Gardner et al 1929) 



Crude protein 

Ash 

Silica 

Tip of leaves 
Remainder of 

(% ini 

27 2 ! 

Iry matter) 

11 9 

. 

3 2 

herbage 

19 5 

20 6 

1 2 2 
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allowed access through the fence to the next paddock ahead in the 
rotation. Lambs therefore arc able to consume the leafy material 
(which is not so heavily contaminated with worm larvae), while the 
ewes whose nutrient requirements arc lower, follow the lambs and 
consume the basal herbage. Because of their superior resistance to 
worm infestation the ewes act as disinfectors of the sward. This and 
‘sideways creep-grazing', both of which have given very high out- 
puts per acre, arc further discussed in Chapter 1 1. 

Close-folding: strip- or fold-grazing. The advantage to herbage 
growth of adequate rest periods can be gained, and the disadvantages 
of the rotational grazing system largely eliminated, by the use of an 
electric fence to supply grazing cattle with their herbage requirements 
day by day. This system has been variously called fold-, strip- or 
break-grazing, close-folding, and daily rotational grazing. It is 
generally desirable that a second fence (back fence) should follow 
behind the grazing stock (sec Fig. 2.3). 

Increases in output per acre from fold-grazing compared with 
rotational grazing may be found in practice for several of the following 
reasons: (1) selection by the grazing animal is limited so that there is 
less wastage and less variation from day to day in the quality and 
amount of herbage consumed; (2) depending on the stocking rate there 
may also be a slight reduction in the average amount of herbage con- 
sumed daily by each animal although its production is unaffected; 
(3) the chance of herbage being trampled arid fouled before grazing is 
reduced; (4) the period for regrowth between each grazing is increased 
by several days, perhaps by a week or more, compared with rotational 
grazing. It is possible also that in certain conditions the close defolia- 
tion achieved by this system results in an increase in the rate of regrowth 
(see page 36). This will not hold true if the animals ate allowed 
prolonged access to the grazed sward, for if the regrowth is grazed at 
this early stage the sward is deprived both of photosyntheric material 
and of its nutrient reserves and its vigour will be impaired. Finally 
(5) the fold-grazing system enables the amount of future grazing to be 
accurately assessed and makes it extremely easy to decide how much 
can be cut for conservation. This in practice is possibly the main 
virtue of the system. 

Several workers using dairy cows have shown that compared with 
rotational grazing in paddocks grazed for 4-7 days, fold-grazing 
increased the utilized output of the pasture by from 16 to 45 per cent 
(de Gcus, 1947; Holmes et al, 1950; Procter and Hood 1953). Some 
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results of a comparison made at the Hannah Institute (Holmes et al, 
1950) are shown in Table 2.9 Although the folding system ignores 


TABLE 2.9. A comparison of the relative outputs per acre gained from rotation 
grazing and dose-folding 


Production 



Cow-days per acre 

Milk yield per acre (gaL) 
Live-weight gain per acre (lb.) 
Utilized S.E. per acre (cwt.) 

20S 

566 

199 

30 

159 

398 

200 

23 
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age yield in the fold-gra2ed paddocks at the start of each gracing 
period. The use of the 'back-fcncc’ was probably important in 
achieving this result. The cow groups were changed from one system 
to the other every 4 weeks for 4 months, and the resulting milk yields 
were as shown in Fig. 2.2. Although (as in a very similar experiment 
of Brundage and Sweetraan, 1959) there was no difference in mean 
yield per cow or in utilized output between the two systems, within 
each period of this experiment there was a tendency for milk yields 
to decline faster in rotation-grazing than in fold-grazing. This might 
have entailed a substantial difference in yield in the long term had each 
lot of cows remained in one system continuously. This effect may 
have been due cither to the variability of milk yields in rotation 
grazing, or to the superiority in the yield of herbage dry matter with 
close-folding in this particular year, or possibly to both causes. Despite 
the similarity of the mean milk yields, consideration of the superiority 
of herbage yields in fold-grazing, and the greater tendency for milk 
yields and the rate oflive-wcight increase to decline in rotation-grazing, 
suggests that had the stocking rates in each system been separately 
adjusted according to the amount of herbage available, there would 
have been an increase in stocking rates in close-folding or a reduction 
in rotation-grazing with a consequent difference in utilized output per 
acre. 

In a recent experiment which compared fold-grazing with con- 
tinuous-grazing (where substantial differences in herbage yields might 
have been expected), and in which stocking rates were adjusted accord- 
ing to seasonal variation in herbage growth, but kept the same in 
each system, no difference in utilized output per acre was found. It is 
possible, however, that differences in herbage dry-matter yields and 
consumption existed which failed to influence the productivity of the 
cattle (Arnold and Holmes, 1958). It has already been suggested that 
outside experimental conditions such careful adjustments of stocking 
rate or acreage according to seasonal variations in herbage growth are 
not so easy either in continuous or rotational grazing methods as they 
are with fold-grazing. 

"Whether or not fold-grazing gives an increase in output depends 
largely on whether the virtues of the system as a means of increasing 
and adjusting the intensity of stocking per acre are realized. At low 
Intensities there is no advantage since the animals arc not then obliged 
to graze the herbage closely to the ground, but simply ‘skim the cream 
off’ the pasture each day, and graze selectively. At very high 
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intensities of stocking there is insufficient freedom of movement, 
grazing behaviour is disturbed, grazing is uneven and the amount 
of herbage made available may be inadequate for the animal’s re- 
quirements. Depending on the yield of herbage, the stocking 
intensity should be between 40 and 80 cows to the acre, or the 
equivalent. In practice, the stockman quickly learns to judge the 
optimal stocking intensity on a given sward. 

Because selection in grazing is almost eliminated by fold-grazing, 
the animal is more dependent for its needs on the farmer’s ability- to 
provide good-quality herbage than it is in any other grazing system. 
This method, in fact, can only he used with success on good-quality 
herbage. The effectiveness of fold-grazing is probably also related to 
the type of sward on which it is practised. With a close-knit ryegrass 
sward the variation in feed composition from day to day under rota- 
tional grazing is likely to be much less than on an open sward of erect 
grasses such as cocksfoot or lucerne. Any benefit from daily fold- 
grazing in maintaining uniform feed intake is, therefore, likely to be 
greater in the latter swards. In some areas it has been found useful 
chiefly in the spring and early summer because the pasture is fouled by 
dung after two or three grazings, but in other areas it has been used 
throughout the season with success. Frequent rainfall is probably 
essential for the disposal of dung. However, in all circumstances the 
fouling effect of dung (MacLusky, I960) is greatly reduced if after the 
second or third grazing the herbage is allowed to grow and then cut 
for silage, after which the regrowth is again clean and palatable. 

There are several ways in which the high stocking intensities neces- 
sary for successful close-folding may be achieved (Fig. 2.3). The best 
utilization of the herbage, involving the cleanest and least selective 
grazing with the least fouling and treading, results when the day’s 
allocation of herbage is offered to tbe herd on a long narrow strip. 
The term ‘strip-grazing’ is perhaps best used to describe this particular 
system and the term ‘fold-grazing’ used when the area grazed daily 
approaches a square shape. Provided the herd is allowed space for 
movement on herbage already grazed, strip-grazing ensures that most 
of the fresh herbage is consumed and not fouled, since much of it will, 
in fact, be beneath or beyond the electric fence, and cattle must reach 
for it. The herbage beneath and beyond the fence is usually grazed 
most closely and with the least selection. 

- Alternatively, the field can be divided m any other of the ways shown 
in Fig. 2.3. In practice, it is often convenient to divide big fields into 
fir 
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smaller paddocks with scmi-permanent fencing, each paddock of a 
size to carry the herd for 4-7 days and then to fold the cattle daily 
within each paddock. This reduces the length of the grazing front, 
and the length of the alleyway, and, although it involves greater initial 
expense, it reduces the amount of time spent on fence-moving each 
day. Provided the paddocks are not too small, this system also 
allows greater flexibility in utilization. If the size of the paddocks is 
such that each allows only a day’s grazing for the herd (as in New 
Zealand ‘paddock-grazing’), the system becomes very little different 
from fold-grazing (except that in ‘paddock-grazing’ in New Zealand 
severe defoliation is avoided). With larger paddocks a back-fence 
should he erected 1-2 days behind the cows to keep the animals from 
consuming the early regrowth of the grazed herbage. 

Some graziers have extended the folding principle further and move 
the cattle to a fresh fold twice daily. Although in principle this should 
ensure very efficient grazing it doubles the labour cost and Flux and 
Patchell (1955) detected no advantage in yield per cow or per acre. 

Restriction of grazing time . Instead of restricting the area available 
to cows, attempts have been made to restrict the time allowed for 
grazing by the cow, for example to three grazing periods daily, each of 
one hour or less. These attempts ignore the results of behaviour 
studies which show that dairy cows normally spend certainly no less 
than 7 hours in active grazing even on high-quality herbage (e.g. 
Waite, MacDonald and Holmes, 1951; Hancock, 1953)' The cow’s 
rate of herbage intake increases when the grazing time is limited 
(McCullough 1959), but the threefold increase which would be 
necessary to ensure adequate fill in 2-3 hours of grazing is hardly to be 
expected. Other examples may be cited which suggest that grazing 
management must take cognizance of the cow’s normal habits. 
Wussow, Hartwig and Dietrich (1954) and Vik (1936) found that 
limiting dairy cows to grazing only during the day period, or during 
the night period (i.e. p.m. to a.m, milking) reduced their production 
of milk and milk fat compared with their production when they were 
allowed grazing at any time in the 24-hour period. Only in hot 
climates such as those of the southern United States could the restric- 
tion of grazing to the night period be expected to show an advantage 
(Hancock, 1953). 

Soilage, * zero-pasture ’ or mechanical grazing. The most complete 
utilization of pasture herbage results when the herbage is cut and carted 
to the stock. This sytem is traditional in some parts of Europe where 
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pastures are inaccessible to stock or where the utmost efficiency of 
utilization is required because of short grow mg seasons, or poor growth, 
and where until recently labour has been more easily provided than 
land But it is at present attracting increasing attention m the United 
States where mechanization may make it cheaper to take grass to the 
cows than to take the cows to grass The ‘zero-pasture' system, as it 
is called m the United States, results m \cry efficient utilization (for 
example, Hoglund, 1956) But the type of pasture used is often of the 
sort in which poor utilization by grazing cattle might be expected, 
e g Sudan grass (Sorghum iiidmoise) which is long, fibrous and subject 
to wastage by treading and fouling The advantages of the system 
are, therefore, more pronounced on such pasture types than on short 
leafy pastures 

\ drawback to tie system is that selection is completely eliminated. 


■p r , 1 VUIMLUCICIV UlllUlWtt'*" 

™ on fold-grazing excessively fibrom basal herbage is refused by 


4'" ^ tbls occu rs the stocking intensity can be reduced and 

-1, la mown But when pasture is mown all the herbage grown, 
ZM™ maKMl -i ! 0fecd Consequently feed mttdte and 
“u^T ."22* , U-nees ate, in this 


nartimUr ~ . •uiujiais prciercnccs arc, in ui» 

and the soils 11 CXt ’ * mC ^ U £ u, ^ c t0 tb e feeding value of the herbage 

and the soilage system ignores them It v 


that in 9 lncm u was probably for this reason 

ternu md fZ~ to— between sudage, 


gtaswwJswtt 61 ™ 8 ' > ?, CUt “ nd Wjtcd °n a ryc- 

with cows on the P rcsst °uofhvc weight and mdkyieldwasfound 
on the soilage system (Table a to) It may he that with 
table 210 u e ,jia „ llms „r clr , . 


Production 

Strip 

grazing 

Stnp grazing 
plus supple- 

Stnp grazing 
on herbage 

Housed 




which has 
been cut 

on cut 

cow per day) 

Live weight per 

3» 

32 

29 

28 

cow « % of 



stn P gazing 

roo 

IOI 

tot 

97 




Tnals 



Grassland Management 

fold-grazing. 

FACTORS ATFECT1NG THE AMOUNT OF HERBAGE CONSUMEH 
Although in general the 

from differences m appetite between annuals, and from g 

td te «.i r ..d s i«p -~2 

highest digestibility and crude coarse leaf or stem. This 

that is, young and succulent leaf rather than coa 
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of herbage and probably aho ex P] a '“ 1 t Archibald, Bennett and 
different herbage associations on g 1954; Pearsall, 
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herbage is the easiest to consu . ™ not on l y because it is 
increases with the digestibdity of 1 nrruDies less space in the 

more palatable, but also probably * > . ecau . rum ination (McCullough, 
alimentary tract and requires less time some fibrous 

Sell and Neville, 1954)* The run * , . ^ _ 

food and on herbage which is very leafy and low m fibre win 
sume some straw or coarse hedgerow materia i . dairy 

The amount of herbage consumed daily by biui 

cows decreases with decreasing yie o „f az in g continued and 

Wallace and Kennedy 1944) *owed that as grazmg 

the yield of herbage declined btdbcksconsumed tes-d^«s £ ^ 
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when a very high herbage yield is reached due to increasing maturity, 
the rate of consumption declines (Waite et al , 1950) Mature herb- 
age is less palatable and less digestible, and its rate of passage may be 
delayed by the need for prolonged rumination 
The feed consumption of cattle is also probably affected by the level 
of milk yield although cause and effect are rather difficult to segregate 
in this connection However, Sjollema (1950) quoted variations in 
appetite with milk yield, which experiments by MacLusky (i 955 ) 
with grazing cows tend to confirm Dry cows consumed amounts 
of dry matter equivalent to about 2 o per cent of their Uve weight 
daily, while cows yielding 40 lb milk per day consumed the equivalent 
of 2 7 per cent of their live weight (see also Jarl, 1952, Kruger and 
Muller 1955 McCullough, 1959) Cox et al (1956) and Wallace 
V X 9 J 6 ) J have related the herbage intake of milking cows to live weight, 
rate of live weight gain and milk yield 
These observations help in comparing the effects of different grazing 
sys ems on the animal In continuous grazing at heavy stocking 
mtensmes cattle probably consume moderate amounts of high-quality 
tebage daily and moat of the herbage produced .s unW At low 

Tl.' 7 '° sc!ect and P'otatty consume greater 
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In fold-grazing, little selection is possible and close “ 

should be, obligatory. The dry-matter intake of 
then reach the level found in rotational grazing, but averages about 
z-4 per cent of the live weight (Waite cl alw. MacLu sky, 

Cox rf ah, 1956). Variations may be expected according , to the quabty 
of the herbage offered and the closeness of grazing cnforc . 

RELATIVE PRODUCTION PER ANIMAL AND PER ACRE 

From what has been said it is obvious that the graang 
which encourage the highest daily rate of ^‘“utput 
per animal are not always those that lead to the grea e * °“^ e 
of pastures. High productivity per =--l “Rvalue tothe 
farmer without high output per acre, an 

between the two. 1 ,n„ hv 
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limits because at the highest yields the herbage become, k. P“ 
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wastage from treading and folding incr^ F d leased, 
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nor the amount of herbage consumed is as g j ’ ^ 

example, in lenient rotational grazing on “ 
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experiment at the Hannah Institute Campling etel, 1958), some s c ec 
rio P n“ fitted by allowing cow, continuous grazing on a clover 
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sward, and the milk production per cow and. per acre from this system 
were compared with the production obtained on continuously-grazed 
swards treated with compound fertilizer, and with that obtamed using 
the same amounts of fertilizer on a fold-grazed sward It was found 
that there was no difference between systems myieldper cow, although, 
of course, there were very marked increases m milk yield per acre with 
the intensive fertilizer treatments The output per acre from the 
contmuously grazed swards was as much as 90 per cent of that from 
the fold-grazed swards, as a result of making careful variations m the 
stocking rate on the continuously-grazed swards to correspond with 
seasonal vanations in the rate of herbage growth (Camplmg, MacLusky 
and Holmes, 1958) For the same reason, m a similar experiment at 
Wye College m Kent no difference was found between these grazing 
methods (Arnold and Holmes, 1958) In an American experiment 
comparing continuous- and fold-grazing methods in which the stock- 
ing rate o a fixed number of fold-grazed cows was increased when 
er age growth was vigorous (the surplus herbage being conserved) 
but m which no adjustment was made with the continuously-grazed 
S ’ V , ctIon permitted to the continuously-grazed cows by 
/ y , w gave no tncrcase m production per 
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up to 8 lb. daily only slightly depresses consumption of good-quality 
Herbage, but probably depresses to a greater extent the consumption 
of fibrous and unpalatable herbage. Dry roughage supplements are 
unlikely to be consumed in any quantity unless the pasture is of very 
poor quality or extremely lush and immature, or when the animal’s 
hunger is otherwise unsatisfied. Increases in animal production from 
supplementary feeds are seldom economic. In experiments at the 
Hannah Institute dairy cows yielding up to 35 lb. daily and receiving 
up to 8 lb. oats or dairy cake produced an increase of only 0*3 lb. 
milk per lb. supplementary feed (MacLusky, 1955). Similarly 
uneconomic increases have been found at the Ikowett Institute (Cor- 
bett, 1958). In a series of Danish experiments, the increase in milk 
yield obtained per lb. of concentrate supplement fed ranged from 
°\5 to 1 *4 lb., and in two scries of Dutch experiments, increases of 
0*25 and 0*35 lb. of milk per lb. supplement were obtained (Steens- 
berg, Eskedal and Ostergaard, 1931; t’Hart, 1956). The relative 
costs of feeding stuffs and milk generally make such increases uneco- 
nomic except when the amount of grass available is limited because of 
drought or some other reason. Even in such conditions the provision 
of good-quality roughage feeds, such as silage, is cheaper and as effective. 

Sjollema (1950) claimed that high-protein pastures (over 20 per cent 
D.C.E.) were harmful to the health and milk yield of cows in mid- 
lactation and recommended restriction of pasture intake and supple- 
mentation with starchy food. At lower protein contents in pastures, 
which are more common, no beneficial effects from supplementary 
feed of high starch content have been detected in trials at the Hannah 
Institute, although low-protein concentrates increased the rate of live- 
weight gain more than did high-protein concentrates. Maize, a low- 
protein high-energy concentrate, has been found in certain conditions 
to increase the solids-not-fat content of milk (Corbett, 1958). 

Observations with beef cattle have failed to reveal economically 
significant increases in live-weight gain from supplementary feeding 
provided good pasture was available (Alder, Head and Berring, 1 956). 

the mechanical treatment or tastures 

Harrowing. Grassland may be harrowed in the spring to tear out 
dead herbage and to aerate the sward and may be harrowed later in the 
season to spread dung. It is doubtful, however, whether harrowing 
during the growing season is worth while. On land grazed by cattle, 
harrowing smears soft faeces over even larger areas of grass which 
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remain fouled until ram falls If the dung is already dried hard, 
harrowing may have little effect m spreading it Sheep dung is more 
readily spread by harrowing, hut smce it falls in smaller lumps than 
cow dung, it is less objectionable on a pasture Recently it has been 
suggested that harrowing may spread parasitic worm larvae (Hignett, 
1956), and smce this provides aerobic conditions it may, unless the 
larvae arc dessicated, facilitate their survival (see Chapter 18) For 
various reasons, therefore, harrowing has little to recommend it 
during the grazing season 

Trimming The mowing machine is essential for the proper control 
oi grassland, hi most circumstances, the use of the mowing machine 
at least once m the growing season is needed, both to remove coarse 
unpalatable herbage and to encourage the production of leafy tillers 

y suppressing the growth of flowering stems Moreover, this 
j^ ICC r\ COntr ° ““y grassland weeds (e g thistles, buttercup and 


encourar^fh IC ^ cr ^ nce 1S mac k to the practice as ‘topping* hut to 
2 TJtT ° flea ^ uUers thc h«hagc shoifd be cut 
level The hr h 3 ~ 5 \ groun ^ l evc h hut at 1-2 in from ground 
,Ch ,' S “ sh ° dd - <* —* 1* >< » 

-hch do „„ t w ; tiosc 

mutters) has b«n fWd to°h S “ E mowers (teams of rotary cylinder 
quahty of ryetrrass oast C vcr ^ - s ucccssful m mamtatning the high 

herhage nor to mow lone 10 tnm colrse over g r °'"' 11 

herbage from hecomt. E 1 S c t but is used to prevent short, leafy 
GangL^CrLtl ^Wd* “ d Memcts, W 6) 
speaes or straits ” 0 ' P™ successful results with 

grazing or close-cuttwtr m muse able to withstand continuous 
mental studies suggest that F trcmil al ryegrass Expen- 
encouragement of leaft, ° f 6™g mowing hes both in the 

(Comforth, tgjjt j n co and nt the mvtgoratton of clover 
■be gang mower can be used ti ° n a *" ota ge-loader and trader 
ensilage (Hunt and Montgomerie' COVld ? ' "V bigh-quahty herbage for 
1 limited on ,, ony Cd “r S ' 958) use of the gang mower 
-no-cr s aA „ rhe herbage, but o, he/rypes of 

■mall blades) can be rcv °>™S dues edged with 

P-tuze quahty m dte^'^% B«>d effect for rhe control of 


70 



Grassland Management 


CONSERVATION AND GRASSLAND MANAGEMENT 

Some aspects of the tccliniques of different methods of conservation 
■will be discussed briefly in the next sections of this chapter. Here 
conservation methods will be considered as an integral and important 
part of pasture management. In the past certain fields, often permanent 
meadows, have been set aside for hay, the only means of conservation, 
and any pasture herbage surplus to die needs of the grazing stock lias 
generally been wasted. Perhaps the main feature of modem grassland 
management by contrast is the increased flexibility in utilization that 
is now possible (dependent in the first place on controlled grazing 
methods) which means that the herbage surplus to the needs of the 
grazing animal can now be conserved by the methods best suited to 
the management of herbage available. In tliis way conservation and 
grazing are integrated to the mutual benefit of summer and winter 
feeding. 

Haymaking is of limited value as an aid to pasture management for 
it is very much dependent on dry weather and in most seasons is 
limited in use to a short period in early summer, when it creates a 
peak in labour requirements. To ensure quick drying, herbage in- 
tended for hay is usually cut at an advanced stage of growth, which 
not only entails poor feeding value (regardless of losses in the drying 
process) but results in delayed recovery of the sward and a deteriora- 
tion in the denseness and palatability of the sward for grazing purposes. 
The effect of haying on the botanical composition of the sward may be 
critical and careful management is required to remedy its effects. 

Artificial dryers can play a very useful part in grassland management 
in that any surplus herbage can be conserved at an early stage of growth 
without loss in feeding value, but dryers have not become popular 
because of the relatively high cost of the product. The best means of 
conservation for integration into a scheme of pasture management is 
ensilage, for grass silage is less dependent than hay on prolonged dry 
weather, and can be made at almost any time in the grazing season; 
as a result the work involved can be spread over the season more easily 
than with hay. The quality of herbage which can be ensiled is higher 
than that cut for hay, and unlike artificial drying the process is cheap, 
and does not necessarily entail heavy initial capital expenditure, 
finally silage cuts can be taken with less drastic effects on the composi- 
tion, texture and rate of recovery of the sward than those of haymaking. 
This allows some alternation of grazing with silage cuts, which reduces 
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wastage resulting from the effects of animal excrements on the paya- 
bility of the sward. A drawback to the use of silage as a tool in grass- 
land management is that good silage cannot normally be made from 
successive small additions of herbage to the silo a fairly large quantity 
of herbage is necessary at any one filling to ensure a proper control of 
fermentauon and uniformly good quality in the product Ensilage 
does not therefore eliminate the need for careful planning in grass 
utilization An exception to this is possible with the use of the gang 
mower and appropnate loading equipment (e g the Walley * Gangmo- 
loader ) over the whole of the farm pastures at frequent intervals to 
remove uniformly short, leafy and highly digestible herbage which 
requires little or no consolidation and which can be ensiled in succes- 
sive small additions to the length of a pit silo (Hunt and Montgomerie, 
1958 , Turner, 1958) Silage need not be made to the exclusion of hay, 
but may indeed result m an improvement in the quality of hay by 
reduang the amount of grass which need be cut m the limited hay- 
to be adoptei* * ^ ^ enmttm S more efficient haymaking techniques 

METHODS OF CONSERVATION 
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Hay. Traditionally hay has been the only form in which grass has 
been conserved. It continues to be the cheapest and most wide- 
spread method of grass conservation, but the product is usually of 
poor feeding value. Because herbage is more easily made into hay 
when fully mature, and because the yield per acre continues to increase 
until quite late in the growth cycle, most hay is cut when too mature 
and fibrous with a low content of crude protein, carotene and minerals, 
and with a low starch equivalent. Losses in conservation reduce the 
feeding value even further. 

Earlier cutting gives herbage of higher feeding value, but reduces 
yield per acre and increases the difficulties of drying. Higher yields 
of good-quality hay may be obtained by the application of artificial 
nitrogen early in die season and higher crude protein contents by 
nitrogen applied ten days before cutting (Moon, 1954). The liberal 
use of nitrogenous fertilizer for hay may, however, increase the diffi- 
culties of drying. The use of tripods and other devices facilitates the 
natural drying of immature herbage, but these, of course, limit 
mechanization and may increase the cost. Cheap hay, therefore, is 
unfortunately almost always a poor feed. Its starch equivalent is 
unlikely to exceed 40 and may be very much lower. 

Baling in the field with the pick-up baler has become common in 
recent years. This reduces labour requirements and in the right 
conditions can reduce nutrient losses by reducing mechanical loss of 
leaf and by allowing the stacking of hay earher than would otherwise 
be possible. In practice, however, haling leads to a reduction in quality 
if haling is done too early and the bale is made too dense relative to 
the moisture content of the grass. Early baling (and stacking) are 
easiest when the ‘press’ type of baler is used (rather than ‘ram* or 
roll’ types) since this makes loose, low-density bales which allow 
relatively easy air circulation even when stacked. 

Another development which offers scope for improvement m 
quality is the use of a mechanical conditioner to bruise, or of a ffail- 
type forage harvester to lacerate the grass immediately after mowing. 
This ensures quick drying even of immature herbage (given a short 
spell of dry weather) and the herbage can be baled and stacked very 
much earlier than would otherwise be possible. This technique 
increases the element of chance in haymaking when the weather is 
unsettled, for with heavy rain and delay in baling, nutrient losses will 
be increased instead of reduced. 

Dried grass. The value of artificial drying is that it permits the 
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conservation of herbage at its youngest and, therefore, most nutritious 
stage of growth, and with the minimum loss of nutrients Moreover 
conservation may take place throughout the growing season Losses 
of starch equivalent in artificial drying rarely exceed 10 per cent The 
best-quality dried grass has about the same nutrient content as oat 
or barley gram, and can be used as a concentrate feed for d-iir) 
cows 

In its early dap artificial drying appeared to offer the best possible 
means of conservation, but there arc three mam objections to the 
practice for general use at the present time The first is the high 
capita outlay required The second is that the cost of drying has 
increase to the point at which dried grass costs as much as other feeds 
01 fecdm S v ^ue, and the third is that the installation of a drier 
mates great demands on the organization of the grassland production, 
thron K JUSt, ff l c cost, a regular suppl) of herbage is required 
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acid, readily fermentable carbohydrate and chemical preservation, agents 
of various sorts including sodium metabisulphitc. 

The addition of mineral acid (the A.T.V. process) has been claimed 
to ensure the right degree of acidification and to reduce losses in fer- 
mentation, Despite the better control of acidification that mineral 
acid allows, the process is losing favour in the countries where it has 
been developed and is rarely, if ever, used in this country. The acids 
are very dangerous to handle and the process requires constant respon- 
sible supervision. The silage also requires the addition of a neutralizing 
agent when it is fed to cattle. 

Tlie addition of a rcadily-fcrmentable carbohydrate such as molasses, 
or ground grain (Archibald et al., 1954), encourages the development 
of a desirable lactic fermentation and has been shown to reduce the 
losses of dry matter and starch equivalent. Unlike mineral acid, 
molasses has the virtue of being mnocuous and easy to apply. But in 
practice it is common to dispense even with the use of molasses, 
because in May and June the fermentable carbohydrate content of 
grass at the long leafy stage of growth is sufficiently liigh to encourage 
proper fermentation. Skill in adjusting the depth of herbage ensiled 
at any one time, and the amount of consolidation, according to the 
moisture content and density of the herbage, are then of vital import- 
ance since these control the amount of air present for respiration and 
the character of the subsequent fermentation. When pits or damps 
are used consolidation by tractor presents no real problem, but because 
this silage-making system is easiest when fairly stemmy herbage is 
used, there is a common tendency to sacrifice the quality of the herbage 
ensiled for ease of making and for tonnage. 

Sodium metabisulphite has recently been introduced as a preserva- 
tive agent. Recent trials in America, New Zealand, and this country 
have shown variable and in general disappointing results. Some 
reduction in nutrient losses and improvement in digestibility have been 
found with immature herbage, but the improvements were too small 
to justify the cost (Smith, 3960). The only consistent advantage 
reported is the reduction it brings aboutin the smell of silage (Murdoch, 
Holdsworth and Wood, 1956 ; Smith, i960). This is not unimportant, 
for the smell of silage has often been responsible for prejudice against 
its use. 

Two factors which from recent work in this country appear to offer 
scope for improvement in the feeding value of silage at the present 
time are control of the maturity of the herbage ensiled and of the 
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dry-matter content of the silage Maturity not only directly affects 
digestibility and the dry-matter content of the silage but also affects the 
amount of silage dry matter consumed In practice this means that 
herbage should be cut before it has become unduly stemmy, and allowed 
to wilt for 24 hours before ensiling and the silage should be protected 
from ram by some effective cover While earlier cutting gives 
material of higher digestibility it also normally results in lower dry- 
matter content Attempts to raise dry-matter content, however, 
should not be made at the expense of digestibility, for the dry-matter 
content of silage declines m importance as the digestibility of the dry 
matter increases and wilting of immature and highly digestible 
material can effectively increase the dry-matter content 
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their high protein content relative to their energy value usually reduce 
the need for high-protem imported feeds, so that home-grown grains 
or other cheap concentrates of medium protein content are adequate 
except for the highest yielding cows B ut the optimal economic level 
o concentrate usage when good-quality grass feeds are available is a 
matter of some controversy in dairy farming which is referred to 
briefly again below 


THE ECONOMICS OF GRASS PRODUCTION 
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long as the value of the extra herbage produced is greater than the cost 
of the fertilizer and its application. Table 2. 12 shows some examples 


TABLE 2 . 12 . The cost of producing additional grass with fertilizer 


Net response per 

1 lb. nitrogen 
(lb, dry matter) 

Cost of fertilizer per ton 1 
additional grass dry 1 

matter 

<£> ! 

Cost of fertilizer per ton 
of additional S.E. 

{£) 

S 

1 

2S-0 i 

45*5 

10 

I2-S ■ 

22-7 

15 

8*4 ' 

15-2 

20 

6-3 1 

n*4 

3 5 

5-0 j 

9*1 


It is assumed that N, P 2 0 6 and K a O are apphed in the ratio 3:1:3. 
Fertilizer prices are those current m Britain m 1956. 


of the cost per ton of additional dry matter, of the application of a 
complete compound fertilizer over the range of response likely to be 
encountered. Within the most common range of responses found 
■with herbage at the leafy to long leafy stage of growth (10-20 lb. dry 
matter/lb. N), this shows that the cost of the extra herbage is little 
greater than that of pasture receiving no fertilizer. Allowing for the 
costs of conservation the extra herbage at this level of response is 
produced at a cost which compares favourably with alternative feeds 
(see Chapter 4) . The point at which, the cost exceeds the value of the 
herbage produced is only found at the lower levels of response shown 
in Table 2.12 (s lb. dry matter/lb. N). Responses of this level or 
below it are only likely to be found when light dressings are made on 
clover-rich swards (see p. 43), or in extremely dry conditions. On 
clover swards, moreover, the effect of nitrogenous fertilizer in altering 
the seasonal distribution of herbage growth without necessarily 
Increasing annual yield can be beneficial, although its economic effect 
is difficult to assess. 

Throughout any consideration of the economics of increasing grass 
production the conflict between fertilizer and clover nitrogen is 
apparent. The crux of the matter is that reliance on clover imposes 
a ceiling on production per acre which in this country can be exceeded 
with the intensive use of nitrogenous fertilizer at little extra cost per 
unit of food. (See, for example, costs of grass production for 
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artificial drying Holmes 1954a) Circumstances which may justify 
liberal use of fertilizers arc found for example, on small, heavily 
stocked grassland dairy farms where every effort must be made to 
increase turnover m order to secure an adequate annual income for the 
farmer But on bigger farms especially in dry districts there may be 
less need for the intensive use of nitrogen and m many circumstances 
profitable increases in production can be achieved simply by improve- 
ment m the management and utilization of grass-clover swards 


UTILIZATION OF THE EXTRA GRASS 

It is most important to consider any intensive programme of 
improvement f 1 S rass land management m terms of its effect on the 
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Another alternative is to use 
enterprise and growing more cr p . rc(lllcc tbc costs of feeding, 
increased and better grass pro u Ho l mc s and Sykes (i960) 
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summertime may reduce pro t . pCr .^ ti n is available although 
In winter feeding less prcc.se mf "° n d X„ a greater proper- 
recent milk cost data show that t osc yields and higher profits 

rompl rtd with Serfs f k^^f^tds.DodssvotthWCsmpUU 
Agriculture, etc., i960). With provide a pro- 

(1953) have shown that good-quality grass silage can p 

fitable fattening ration. y rep l a ce some 

Accordingly there te em a fa for | age to bc 

by - p ” a “ “ ™ 

w. a-. « v j ri '?siS; 

question in dairying IS not these by-products and kale at 

replace other crops (which, cxc p ^ £ ut t0 w hat extent a 

certain times of the year, is of concentrates 

mainly grass ration can be 0 "feeds can reduce 

fed. An increase in the amount and q^tyotg^^ ^ fitability 

the amount of concentrates require a L-Wed (Holmes Arnold 

of milk production even 

and Provan, i960). If yields fab -Li- Jn general, maximum 

rate becomes essential to maintain pr ^’p-eds^lone, and for the 

yields per cow cannot be maintamed on grass teem am , 
most economiclevel of production 

concentrates are necessary; but in many ^ ^ of ^ with a con . 

hay can provide for maintenance a S The two extreme 

sequent reduction in concentrate co P rnrldnn rate by increased 

policies in dairying arc: either to ln^case^^ : ®osts but moderate 

grass production and utihzation wi s - rate \ k Y intensive 

yields; or to raise yields (and to some extent stockmgram) by ^ ^ 

concentrate feeding with an ”“ cilSC L ‘ be equally profitable 

increased costs of feeding. Both methods ^ » ? Barnar(J| 

provided each gives the levels o P 1 ® t ^ ^ two, to increase 

1958). In practice, however. '‘"^J^Vfedis thc mom certain .0 

Si few farmers who feed 



Animal Health, Production and Pasture 


high levels of concentrate succeed in achieving anything near a propor- 
tionate increase m milk production A survey of national milk records 
conducted some years ago (Milk Marketing Board, 1952) showed a 
tendency for yields and profits to increase as the level of concentrated 
feeding increased between farms, but when the individual herds w r ere 
classified mto groups according to le\ el of yield it was plain that in 
any one level of yield there were very substantial differences in the 
amount of concentrates used, and higher profits were made by those 
farmers who fed the least concentrates A similar lack of relation 
etveen yie per cow and level of concentrate feeding on different 
terms has been reported more recently by the Milk Marketing Board 
i°i farmer the conclusion is that it may pay to 

\ f CV conc entrate feeding provided the quality of the 

^ I ? mg ^ Cnt ° f the co " s are ^ch that a worth-while 

himself ^ ^ bc adueved he should first satisfy 

cTs vJonld mana g eme nt Of the grassland and the 

to concentrates ^ ^ ^ rtber mcrease yields without recourse 



expensive feeding j 1 , Mumals are less likely to justity 
fluctuations in the pnccsV generalization 15 sub J cct t0 

My, n ^trates and of meat and milk 


Finally n u imnnnTr Cntratcs and °f meat and milk 
concerning the profits b 1 ° n °f C tbat whatever pohey is deaded on 
production f ° f concentrates, mcreases in the 

profitahihtv (Committer U 011 tbe ^ arm rcs nlt m increased 

concentrate feeds are then* 1 ras , sbmt * Ucd ^ation, 1958) Grass and 
foundation for anv snV*.,, C ° m P cmcntar Y since good grass lays the 
y Ub5 " 1 " ml m the rntLttj of feeding 
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inadequate from the chemical view, this analysis, so suitable for routine 
examinations of large numbers of samples, has yielded valuable 
information on plant composition. Moreover, in conjunction with 
animal digestion trials it has formed a sound basis for assessment of 
the nutritive value of animal foods. 

Briefly, the analysis determines the ash content, representing the 
inorganic constituents, the ether extract or the fats and fat-soluble 
constituents, the protein (nitrogen content x 6*25) and the fibre. The 
nitrogen-free extractives are then calculated by difference. 

None of these fractions represents true constituents, as will be seen 
later, but the main objections are levelled against the fibre and nitrogen- 
free extractives fractions. The fibre is determined by an empirical 
method, by subjecting the dry, ether-extracted material to alternate 
digestion with 1*5 per cent sulphuric acid and 1*25 per cent sodium 
hydroxide at boiling point for half an hour. As the word implies 
this was presumed to represent the 'fibrous* portion of the plant. It 
has been shown, however, that this includes most, but not all, of the 
cellulose, a portion of a pentose polysaccharide and a part of the 
lignin of the plant material. Moreover, the relative proportions of 
these constituents in the fibre vary with different types of forage and 
very probably with slight variations in analytical procedure. The 
nitrogen-free extractive fraction consists of a complex mixture of all 
constituents not determined by the analysis mentioned above. It 
includes simple sugars, a number of polysaccharides, pectin, organic 
acids, lignin and a host of other substances in small amounts. It is 
obviously desirable that this mixture should be separated by other 
analytical methods. It is of particular importance that lignin, which 
has such an influence on the digestibility and nutritive value of a crop, 
should be determined separately. Many workers interested in the 
nutritive value of fodders now determine cellulose and lignin in addi- 
tion to protein, ash and ether extract and call the undetermined portion 
carbohydrates. Others have separated the carbohydrate constituents 
by water extraction followed by hydrolysis with graded strengths of 
acid. Another method which may prove useful for the examination 
of the carbohydrates associated with the structural framework of the 
plant is the analysis of the ‘holoccHulose’ fraction (Wise, Murphy and 
D Addicio, 3946). This fraction, according to workers on the chem- 
istry of wood, represents the structural carbohydrates freed of soluble 
constituents, protein and lignin, and is obtained by treatments with 
acidified chlorite solutions. Unfortunately with dried herbage the 
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number of treatments necessary to remove all the bgnm and protein 
causes some loss of polysaccharides 
Ferguson (1948) has used an analysts which determines ash, crude 
protein, ether extract, water-soluble carbohydrates, organic acids, 
pectm, cellulose, lignin and pentose polysaccharides Applied to 
young high-protem grass this analysis accounted for 95 per cent of the 
herbage dry matter but in more mature grass and hay the recovery 
was only about 84 per cent The omission of the determination of 
hexosc polysaccharides would partly account for the incomplete 
recoveries This type of analysis is too laborious for general applica- 
tion in the agricultural field where a more simple approximate analysis 
would suffice 1 

In the following necessarily bticf discussion of the truo chemical 
constituents of grassland herbage the trade field has been dealt with a, 
outlined below 

Nitrogenous compounds 

(1) Proteins 

(2) Non-protein comporads-peptides, ammo acids, amides, 
punnes, pyntmdmes. nitrate, cyanogenetic glycosides 

Carbohydrates including pectin 

S oligosaccharides, fructosan 

(2) Structural cellulose, henuccUuloscs, pectin 

Lignin 1 

Lipids 

Fats, waxes phosphatides, sterols 

Organic acids 

Pigments 

Chlorophylls carotenoids 

V, £ZT d 7 t * nm,or orea " c — « 

C E coumann, saponms 

Mmerals 


THE NITROGENOUS COMPOUNDS 

the proteins 
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date on the chemistry- of the proteins has been derived from studies of 
the total cell protein, the protein utilized in the nutrition of the grazing 

Within the plant cell, proteins are found in a soluble form m the 
cytoplasm and as particulate matter in the chloroplasts. The propor- 
tions in the two forms appear to vary with plant species and although 
little information is available, probably some 40 per cent of the total 
protein of pasture plants is present in the chloroplast fraction. 

Even when the semi-permeability of cell membranes is destroyed 
by cytolysis with ether so that low molecular weight constituents can 
be extruded through the cell walls by moderate pressure, the ceU 
walls still act as an ultra-filter preventing passage of proteui (ChibnaU, 
1939). For the extraction of the protein the cells must be ruptured by 
mechanical means and the yield of protein is dependent, therefore, 
upon the number of cells broken open. Unfortunately, with the 
machines available for large-scale work, fine maceration is difficult 
and the efficiency of extraction is consequently frequently very ow. 

The green extract obtained by coarse filtration of the macerated 
plant tissue contains cytoplastic and chloroplastic proteins. The latter, 
in a colloidal state, can be separated by centrifuging, fine filtration or 
by flocculation with salts. The former, in a clear brown solution after 
the removal of the chloroplasts, is precipitated by acidification. 

The cytoplastic protein obtained by precipitation is usually relatively 
pure, containing about 14-16 per cent nitrogen and small amounts of 
inorganic salts, lipids and other organic matter. The chloroplastic 
protein fraction, however, contains much lipid material, appreciable 
quantities of salts and organic material in quantities which depend 
upon the fineness of maceration of the original herbage and the effi- 
ciency of removal of cell debris prior to precipitation of the protein. 
The nitrogen content of the crude chloroplastic fraction is unlikely 
to exceed 10 per cent and may be much lower. The lipids, which can 
be removed by ether extraction, may account for some 30 per cent of 
the fraction and consist mainly of glycerides, waxes and chlorophyll 
with small quantities of sterols, carotenoids and phosplia tides. 

By cytolysing the plant cells of grassland herbage with an cthcr- 
watcr mixture the relationship between protein and lipids in the 
chloroplasts is altered and the protein becomes soluble or easily dis- 
persed in the aqueous extract. The total cell protein can then be 
precipitated by acidification. 

Tor the preparation of total leaf protein Lugg ( 1939 ) recommends 
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maceration of the plant with borate buffer solution (pH 9 2) After 
a rough filtration an alcohol-cthcr mixture is added to the green, 
opaque juice, thus precipitating remaining cell debris and disintegrated 
particulate matter of the cells After centrifuging, the protein is 
precipitated by acidification to pH 4 5 and heat The protein, after 
extraction with alcohol and ether, is reasonably pure and should 
contain about 14 per cent nitrogen 
Since it is difficult to break open the cells of pasture plants by 
mechanical means, protem preparations yield onl) a proportion of the 
total leaf protem and protem analyses have been nude on preparations 
forming as low as 10 per cent of the total protem It is probable that 
t e protein extracted from pasture plants is a representative fraction 
ot the whole although this may not be so with other species Deter- 
minations of certain amino acids in the total herbage, m the extracted 
piolem and in the fibrous residue remaining after extraction, support 


nrate3 ra “ VC am “° f ai mi!ys “ ° f c y t °p'““c and chloroplastic 
proteins front pasture plants are not available but figures for prepara- 

TABLE31 Anwo , mM ,/Wfcy (Y cmm Md Fo Uxi, 


Alanine 

Amide 

Arginine 

Aspartic and 

Cystine + cysteine 

Glutamic acid 

Glycine 

Histidine 

Leucine 

Isoleucine 

Lysine 

Methionine 

Phenylalanine 

Prolrne 

Serine 

Threonine 

Tryptophane 

Tyrosine 

Valme 


Ammo N as % of 
protem N 1 

Cytoplasmic 

proteins proteins ! 


Ammo aads as % of 
protem ( 17 % N) 
Mixed Cytoplasmic 
proteins proteins 
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tions containing varying proportions of the two proteins show close 
similarity. A comprehensive examination of the mixed and cyto- 
plastic proteins of barley leaves has shown (Table 3.1) a remarkable 
similarity in amino acid composition (Yemm and Folkes, 1953). 
Chloroplastic protein was also prepared but this was too contaminated 
with non-protein organic material for accurate amino acid analysis. 
In this work the amino and amide nitrogen, determined mainly by 
microbiological methods, accounted for practically all the nitrogen in 
the protein and it was calculated that the pure protein had a nitrogen 
content of 16 '9 per cent. Other workers have reported similar values 
for proteins of pasture herbage and it seems that the factor of 6-35 
generally used to convert nitrogen to protein is too high for leaf protein 
and a better factor would be 5*9 or 6*o. 

Much early work on the ammo acid composition of pasture protein 
is suspect owing to amino acid destruction during hydrolysis of 
impure proteins and inadequate analytical methods. Further work 
with modem techniques is needed to fill the gaps 111 our knowledge. 
Authoritative workers in the field consider that all leaf proteins have, 
within reasonable limits, very similar amino acid composition and 
that tills is not markedly affected by season, stage of growth or manurial 
treatment. 

Lugg (1949), using data from many sources, has compiled a table 
showing the range of variation in amino acid compositions of the total 
leaf proteins from Lcguminosac and Gramincac. Seven legumes were 
considered, mainly clovers but runner bean leaves were included. 
The Gramincac included most of the common grasses. The figures 
given in Table 3.2 do not necessarily indicate the full range of amino 
acid compositions since they arc compiled from an inadequate num- 
ber of samples. They do indicate, however, the approximate com- 
position, and the range may not need to be modified except for a few 
amino acids. 

The relative constancy of leaf proteins lias been questioned by Smith 
and Agiza (1951) who examined the proteins of a number of pasture 
species at various stages of growth. By chromatographic methods 
they found that the proportions of amino acids were affected by several 
factors. As growth proceeded through the vegetative period to seed 
formation aspartic and glutamic adds increased but arginine and lysine 
decreased. Several other adds displayed regular trends but not in all 
species. There was a seasonal effect, samples from the first growth of 
herbages invariably containing more leudnes am! arginine, and less 
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Alanine 

Amide 

Arginine 

Aspartic acid 

Cystine + cystcmc 

Glutamic acid 

Glycine 

Histidine 

Leucine 

Isoleucme 

Lysine 

Methionine 

Phenylalanine 

Prolrnc 

Threonine 

Tryptophane 

Tyrosine 

Valine 


Amino N as % of 
protem N 

cguminosac Gramincac 

Amino acids as "o of 
protem (i7 0 o N) 
Lcgummosac Gramincac 

- 

4 4 5 1 

- 

4 75- 5 5> 

5 1-53 
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3 < r ~ 4 47 

13 0-I4 0 

>3 7-H 3 

6 87 7 40 

7 24- 7 55 

4 7 5 4 
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64- 67 
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II 61 \ 
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3 I 

- 

4 33 


3 0 
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23-25 
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6 39 
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no marked differences were seen although cocksfoot appeared to have 
a slightly lower lysine content than the other three grasses. A sum- 
mary of the figures is given in Table 3.3. 

TABLE 3 . 3 . The basic ammo acid content of grass proteins (Waite ct al, 1953) 


% of protein containing 16% nitrogen 



Lysine 

Arginine 

Histidine 

.. 

Ryegrass 
Meadow fescue 
Timothy 
Cocksfoot 

5'9 (5'3-<W) 
<j-3 (3 -8-6-9) 
5-7 (s-o-6-5) 
5-2 U‘7-6-1) 

7-5(6-6-8-2) 
7*0 (6* 1-8 *o) 1 

6*9 (6-2-7-5) 
7*7 (6*8-8 *6) 

1-5 (i-i-x- 8) 

1-3 (X-2-1-6) 

1-5 fl-3-1'7) 
1-4 (t'2-1'7) 


Kemble and Macpherson (1954) determined the monoamino mono- 
carboxylic acid contents of protein preparations of ryegrass, mixed 
herbage from permanent pasture, lawn grass and Alsike clover. The 
plants differed in stage of growth but the amino acid compositions 
were remarkably similar (Table 3.4). The protein from wilted grass 
gave similar figures even although appreciable proteolysis occurs 
during wilting. 

TABLE 3.4. Monoamino monocarboxyhc acid content of herbage proteins (Kemble 
and Macpherson, 1954) 

Amino N as % protein N 



Grasses 

Wilted 

grass 

Alsike 

clover 

Alanine 

S-7-5’9 

5-8 

5 9 

Glycine 

6*4-6* 9 

6*9 

7*o 

Lcurinc 

5*3-5*9 

5*3 

5*7 

Isolcurinc 

3 *3-3 *4 

3‘4 

3*5 

Phenylalanine 

3-S-3-6 

3'5 

3*3 

Proline 

3 ’5-3 -7 

3*6 

3*8 

Serine 

4 -0-4*2 

4*o 

3*9 

Threonine 

4-3-4*5 

4*2 

4*2 

Tyrosine 

*-5-f7 

1*6 

T*6 

Valine 

4-4-4'S 

4*5 

4*7 


The figures for the monoamino monocarboxylic acids, except 
i soldi cine and alanine, are close to those found in barley leaf protein 
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(Table 3 i) and arc higher than those quoted by Lugg (Table 3 ~), the 
exception being tyrosine which may lu\c been underestimated by 
Kemble and Maephenon 

In a study of the amino and composition of hays Kolousck and 
Coulson (r955) suggest that composition n affected during the hay- 
making process and that the actual stage of growth or the species of 
grass may affect the composition wherever changes do talc place 
Tyrosine, methionine, phenylalanine, prolinc and glycine arc the adds 
mainly affected, the basic ammo acids arc less affected and the remainder 
show little, if any, changes The glycine contents were similar to 
those found by Kemble and Maephersort and scry much higher than 
those quoted by earlier workers 


From this summary it is obvious that our knowledge of the ammo 
and composition of pasture protein is scry inadequate and further 
investigations, using modem techniques arc desirable to see what 
variations arise in different herbage species and bow they arc affected 
by stage of growth, conditions of growth and fertilizer treatments 
It seems probable, however, that no very remarkable variations will 
be tound and a more important problem is to decide to what degree 
ammo and composition of proteins is of significance in the nutrition 
ot the grazing animal 

Pastu" protein is a useful source of most of the ammo acids found 
and effom 1 ? non - rum, " im nutrition Thu fact has been realized 
nrot™ en ^ '""mimcally from grassland herbages a 
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of mtroeenn r |' mcn micro-organisms modify the nutritional value 
and TX„ f g "Y hc mmn ’ b > P°°d-protcm brcahdosvn 
ponton of Lf “ d f' 0 ' 02011 P'°" m Although the pro- 

entotv sf rZ P, °"S C °«" ,cJ m ,lus » i°t &own with 
S il \ ^ Prmc,m ° f > h ' micro-organisms, 
se^sprobabfe therer^ host arc of high biological valufand .. 
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growth is of relatively htrtc L™™ ’ f ° c bod y maintenance and 
particularly cows yicldinelar ■” high-producing animals, 
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pastures. Pasture analyses, however, have failed to substantiate these 
suggestions. The possibility that the sulphur-amino add content of 
feeds might limit wool production in sheep has received attention and 
the position is still not clear. In general on good-quality pasture the 
intake of protein by the grazing animal well exceeds its requirements 
and the excess would help to balance the supply of any essential amino 
adds which might be present m low concentrations. 

the non-erotein nitrogenous constituents 

The non-protein nitrogenous fraction of herbage plants is made up 
of an extremely complex mixture of compoiuids. Our knowledge 
of this fraction is limited mainly owing to the difficulty of separating 
the constituents. By modem methods of chromatography and iono- 
phoresis, useful separations of many of the constituents can now be 
made and a widening of our knowledge should follow. 

Compounds concerned in protein metabolism — nitrate, ammonia, 
amino acids, acid amides and peptides — account for the major part of 
the fraction, the rest consisting of purmc bases, simple bases such as 
betaine, stachydrine and choline, and possibly numerous compounds 
mi trace amounts. The fraction usually accounts for 15-25 per cent 
of the total plant nitrogen but the proportion varies with rate and 
stage of plant growth. It is reasonable to assume that in young, 
rapidly growing herbage the production of non-protein nitrogenous 
constituents is higher than in herbage where growth is limited by age 
or other factors. 

Synge (1951), from work on dialysed juice of perennial ryegrass, 
has made the following rough quantitative estimate of the constituents 
of the non-protein nitrogenous fraction. 

Nitrogen, as 
% of total 
dtffusablc N 


Non-amino arid bases 15-25 

Basic amino acids, peptides, etc. 6-15 

y ammobutyric arid 5-10 

Glutamine 20-25 

Other free neutral amino acids 10-15 

‘Bound* amino acids in neutral compounds 4-10 

iw glutamic and aspartic acids j 0-20 

‘Bound’ amino acids in acidic compounds 1-3 


It is seen that amino acids, amides and peptides account for 75-85 per 
ccl 't °f the difTusable nitrogen. 

Some twenty free amino acids have been determined in herbage 
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extracts Their quantitative pattern is \cry different from that found 
m herbage proteins, the bulk consisting of the dicarboxyhc acids and 
their amides, alanine, serine and y aminobutync acid The rclati\c 
quantities of these amino acids \ary with the stage growth of the plant 
and may be influenced, m early stages of growth, by different forms 
of fertilizer nitrogen 

Bathurst (1953) examined the ammo acid content of alcoholic 
extracts of very young perennial ryegrass which had been topdressed 
with ammonium sulphate, sodium nitrate or urea The amino acids 
were assayed microbiologicallj and the results arc shown in Table 3 5 
The mam differences noted here arc the greater quantities of prolinc 
and aspartic acid (including asparagine) m the ryegrass dressed With 
ammonium sulphate 
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and other ammo compounds, not yet satisfactorily identified, have 
been noted in lucerne hay (Coulson, 1955). . . 

It has been shown that herbage allowed to wilt, or herbage dried in 
laboratory ovens, rapidly undergoes proteolysis, with a consequent 
increase in the quantity of water-soluble nitrogenous constituents, and 
also suffers changes in ammonia and amide contents Investigations on 
the non-protein nitrogenous fraction should, therefore be earned out 
on fresh herbage or on material that has been freeze-dried, a process 
which minimizes proteolysis. 

In agricultural circles so-called ‘true protein is determined on dried 
herbages by precipitation with a copper reagent. Since drying con 
ditions, and consequently proteolysis, vary considerably and also since 
it is not known to what extent peptides and ammo acids are precipi- 
tated by the reagent, there seems httle justification in making this 

determination. . . 

Many peptides and ‘bound’ amino acids arc present in the non- 
protein nitrogenous fraction. In general their amino acid composition 
is markedly different from the pattern of free amino acids, . the dicarb- 
oxylic acids being in smaller, and the basic amino acids m larger, 
proportions. By ionophoretic fractionation of the diffusable consti- 
tuents of ryegrass it has been shown that basic, acidic and neutral 
compounds ate all present and that the neutral ones form the greatest 
part of the total. These neutral compounds give only a few amino 
acids on hydrolysis, mainly leucinc-isolcudne, valine, proline, alanine, 
glycine and the dicarboxylic acids and their amides (Synge, 19 $ 1 ). 

Four purines, adenine, guanine, xanthine and hypoxanthmc have 
been noted in grass and lucerne extracts, adenine preponderating in 
quantity (Ferguson and Terry, 1954). I" the three grasses and one 
lucerne examined the total purine nitrogen varied from 45 to 67 mg. 
per 100 g. herbage dry matter. In the same herbages the quantities of 
betaine nitrogen and choline nitrogen did not exceed 17 mg. per 
100 gm. dry herbage. Small quantities of pyrimidines and presumed 
nucleotides were also noted. 

Nitrate nitrogen can form an appreciable part of the non-protem 
nitrogenous fraction under certain circumstances. The level is greatly 
influenced by the quantity of available nitrogen in the soil and rapidity 
of plant growth. In Holland, where urine as well as dung is returned 
to pasture-land and usage of fertilizer nitrogen is relatively heavy, 
herbage samples tal.cn at various times from average farms showed a 
mean nitrate nitrogen content of 55 m S*P cr 100 gm. herbage dry matter. 
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range 3-180 mg O11 a very intensive farm using large amounts of 
fertilizer nitrogen the mean value was 132 mg with a range of 22 to 
358 mg (Deys, 1953) Under very generous nitrogenous manurmg 
the nitrate level in herbage shows a seasonal trend, being moderately 
high m early spring growth, negligible in midsummer and rising to a 
maximum in the autumn (Ferguson and Terry, 1956) 

Cyanogenetic glycosides may be considered with the non-protein 
nitrogenous constituents They are insignificant constituents of the 
common cultivated pasture grasses but the sorghums and Sudan grass 
can contain appreciable, and sometimes toxic, amounts They arc 
present in legumes and the quantity of hydrocyanic acid (HCN) in the 
g ycosides of white clover would, at times, be toxic if it were in a free 
state An examination of the HCN content of a number of pasture 
species showed that grasses contained o 000 1-0 0005 per cent, red 
cover 00003 per cent, lucerne 00015 per cent and white clover 
0 001^0 0124 per cent (Rigg, Askew and Kidson, 1933). the figures 
i* ' Xpr ” SC Presb herbage Two cyanogenetic glycosides 
cut in white clover, lotaustralin, consisting of mins of glucose, 

acctonc^and! Z T”’ ’" d »F of ^cose! 

ooit an In sm ^ Predl vdmc clover containing between 

Xcn 7 5 PCC ““ HCN ’ Md "“c a " d Doak (1940) found the 

llCiTT T lm f 80 P " ^ otaus cralin and io ^er cent 
HCN LcI! lv 8 XT COn ‘ am 10 3 “nt and 10 9 per cent 

it t 8,uco!c The « 

varying frequency m differmt k\ amacasc whld » oc c« rs with 

clover The quantity of \ ^ ams - 311 d even within strains, of white 
by HCN content v-mre g i^ 5 ^ ^ rcs . cnt ,n w ^ ltc clovers, as measured 
strains individual’ plants Aow'wJdc" d ‘ frCrCI ’ t stra,ns - and cven Wlthm 
HCN con, cm oflw XTlt bZZ 7 ^ Z “ knd ‘ hc 
purposes suicc it is considered ,Lt dic hiT ^ ccrt ' fkat, ° n 
contain more gljcosidc ,ha n l c „ dcsiablc ^ S ' rim! 

THE CARBOHYDRATES, INCLUDING PECT.H 

r. 7 '“ c.,bo.„ drates 

Monosaccharides The hncow „/ , , 

P«t of the carboh) drates ofherW W0Se * n ^f ructose t form only a small 
of the herbage dr> nutter Thf C °” tnbunn S «P to 2 per cent 
wage of plant growth will be dis^i^d Latc^” 2 ” ^ t0 scason ancl 
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Oligosaccharides. In herbage, sucrose is usually present to the extent 
of 5 - 6 per cent and the quantity is influenced by growing conditions 
and stage of plant growth. The presence in grasses of small amounts 
of the disaccharidc mellihiose , the trisaccharidc rajjhwse and the tetra- 
saccharide stachyosc has been noted (Laidlaw and Reid, 1952). 

Fructosan. In grasses, fructosan is a reserve carbohydrate which is 
formed in the leaves but docs not accumulate there to any great extent, 
being stored in the stems. It shows remarkable seasonal variation 
which is dealt with below. It is ofintcrcst that no fructosan lias been 
detected in clover or lucerne. 

The fructosan of grasses probably has a structure represented by a 
chain of some 7-30 D-fructofuranosc units linked through C{ 2 > and 
C( 6 ) and it is suggested that the molecule is terminated by a sucrose 
molecule (Laidlaw and Reid, 1951). 

Variations in the he.xose, sucrose and fructosan contents of grasses. Waite 
and Boyd (1953) have made a comprehensive study over two years of 
the hexosc, sucrose and fructosan contents of four grass species in 
stages from early spring growth to autumn senescence and also in the 
grasses cut at a constant height (8-10 in.) regularly throughout the 
grass season, the latter representing herbage as grazed by cattle. The 
grasses were perennial ryegrass, cocksfoot, meadow fescue and timothy. 
Sugar analyses were made on both leaf and stem and all the figures 
given below refer to sugar content of herbage dry matter. 

In the grasses growing to maturity, leaf hexose levels were low and 
similar in all species, 2 per cent or less throughout the period April to 
October. Leaf sucrose usually rose to a maximum, 5-6 per cent, in 
May and June and then declined steadily. Ryegrass differed in that it 
showed maxima of 8 and 1 1 per cent sucrose in the two years. Leaf 
fructosan varied markedly in the two years, timothy and fescue con- 
taining maxima of n per cent in one year and 3 per cent in the other, 
ryegrass 16 and 11 per cent and cocksfoot 9 per cent in both years. 
Hexoses in the stems were present in small quantity, although greater 
than in the leaf, but showed a marked rise in early June, except in the 
case of ryegrass. Stem sucrose showed about the same level and trends 
as the leaf sucrose. Some very high figures were recorded for stem 
fructosan, the maxima being 34 per cent in timothy, 32 per cent in rye- 
grass, 26 per cent in cocksfoot and 23 per cent in fescue. In fescue, 
timothy and cocksfoot the fructosan showed two peaks although the 
levels differed in the two years. Ryegrass fructosan was similar in 
both years, showing only one peak in June. It is suggested tliat the 

4 * 
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store of fructosan in the stems is depleted b) the hcav) demands made 
by the rapidly elongating growing point and again when seed is being 
formed The fructosan level m the plant is evidently affected by 
growth habit and season In earl) -flowering species when rapid 
growth is encouraged b) a warm early spring there may be little 
opportunity for a build-up of a substantial reserve of fructosan In 
late-flowenng species the fructosan content is apparently less affected 
by weather conditions carl) m the year 
In the study of the seasonal variations of sugars in the grass species 
ait at the grazing stage the grasses were cut at a height of 8-10 in 
eaving a 1-2 in stubble Cuttmg was done between 9 and 10 a m 
The grasses received potash and phosphate fertilizers in February of 
each ) car and generous applications of nitrogenous fertilizer through- 
^ raSS scason The hexose, sucrose fructosan and total 
so u c sugarcontcnts of the four spcacs over tw o years arc given in 
a c 3 he figures show that the total sugar contents up to mid- 
TABLE 3 6 Solutk ,M ^ m,* o/ pills , s 

itoje (Waite and Boyd 1953) 


% of dry matter 
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TABLE 3.6 . — continued 


% of dry matter 


Grass 

Date cut F 

[exoses 

Fescue — com. 

I9SI 

1 5 June 

2*0 


8 July 

09 

Cocksfoot 

24 July 

1*5 


IS Aug. 

i-o 


30 Aug. | 

o-7 


17 Sept. 1 

0 5 


1952 

20 May 

2 9 


25 June 

1*7 

Ryegrass 

11 July 

i’3 


29 July 

2*6 


4 Sept. 

i*7 


21 Oct. 

1*6 


12 May 

1*8 


24 May 

2-5 


10 Tune 

1*4 

Timothy 

12 July 

1*3 


29 July 

i-7 


21 Aug. 

i-3 


30 Sept. 

0-9 


28 Apr. 

i*9 


20 May 

2*0 

Fescue 

19 June 

i-8 

3 July 

0-9 


22 July 

o-9 


20 Aug. 

I*l 


29 Sept. 

i*i 


7 May 

2*1 


22 May 

09 


13 June 

I*X 

Cocksfoot 

2 July 

0 8 


22 July 

o-9 


20 Aug. 

°‘: 


29 Sept 



Sucrose 

'ructosan 

Total 

soluble 

sugars 

Crude 

protein 

4'5 

10-7 

18 6 

8-0 

3 6 

o-8 

5*9 


S*o 

0-9 

7*7 

22-9 

3 ’4 

0 9 

5*5 

24*7 

2 8 

o -3 

4 *o 

29-2 

3-5 

0-2 

4*4 

30-6 

5-0 

90 

17*9 

I 4 *i 

5- 4 

12-7 

21-6 

14-4 

2-3 

09 

4 '6 

26*4 

6-7 

2-6 

12-4 

23-0 

4*7 

4*0 

n-6 

16-5 

6-9 

3-0 

I2-I 

20-3 

4-8 

5*7 

12-7 

18-1 

6-4 

0-7 

9-8 

22-6 

5 *i 

3-8 

II-O 

I 9 -I 

3*6 

o *5 

5*5 

21-8 

5-8 

o *3 

8-2 

25*2 

4*4 

0-3 

6*3 

25*2 

6*1 

1*0 

8 9 

21*1 

5*3 

2-9 

10-3 

24*8 

3*8 

2-4 

8-5 

l8*I 

6-2 

5*2 

14-0 

i 8*5 

5 0 

0-4 

6-6 

26-1 

2*3 

0-2 

3*5 

25-6 

3*5 

0 8 

5-8 

23*1 

5-6 

1-9 

93 

19-2 

4*3 

2-4 

9-1 

20-9 

3*5 

0-5 

5 *o 

25-6 

3*9 

0-4 

5-6 

24*4 

1*6 

o-o 

2-6 

26-4 

I-o 

o-i 

2-0 

24-9 


O-I 

2*7 

23-0 

3*3 

I-o 

5-8 

18*5 


June, when the grasses were developing floral growing points, were 
high but after this date, when growth was vegetative, the level was low. 
The change was due essentially to the fructosan content, the hexose 
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and sucrose values showing only small irregular changes After June 
fructosan was no longer the most plentiful sugar in the herbage 
Marked differences between species m sugar content seem apparent 
but the effect of weather conditions is even more marked particularly 
early m the season the early warm spring of 1952 producing lower 
fructosan levels than the colder spring of 195 1 
The grasses m this investigation were encouraged to grow rapidly 
by the generous use of fertilizer nitrogen and this is reflected in the 
high protein content of the samples taken after June, very few showing 
less than 20 per cent crude protein Later Waite (1958) concluded that 
a stimulating effect of fertilizers resulted in the utilization of sugars for 
lcaf Y g r °wth at the expense of carbohydrate in the form of fructosan 
Norman (1939) had reported a slight lowering of the fructosan content 
of first-growth cocksfoot by nitrogenous manuring but this was less 
evident in the second growth Whether manured with nitrogenous 
iertUizer or not, the second growth contained much less fructosan than 
the first growth 

Otkr workers have noted the htgh fructosan content of grasses in 
the early summer and it would seem that ryegrass is outstanding in this 
3 r ( ’ 9S7) dcIerram 'd the water-soluble carbohydrate 

strains nft^ “*1' ’“T ° f of var y m g rates of growth, two 

f ° ‘ °u hy “ d ° c' M3m of cocbfo °« m their fust and second 
mTofanT, ^ f “ r' "P* growth and flower- 

3“ “t a much smaller accumulation of 

wSh^her ' P ' Spracs alth °’ , 8 h tlK contents 

a marked fllf-mAo' ^ ° SC m ^ cuctosan eontent was followed by 

h 3 et 3 " dZ — m *—°thy and cocksfoot hut no. I 
fm™Zcomen° So,r 7 S T? af ‘" <™«gencc the 

ryegrasses fell rapidly V cockrfo ° t IOSC agam but that of the 

most likely to ptovuik BraBB P crnmial ryegrasses arc 


sugar content of clovers is scanty The clovers 


Information on the 

Etas™ ' n S , mallcr m m 

saccharide, such as starch arah *”*. Jt u llkc V that another poly- 

starch, araban or galactan, may be the reserve crfiL 
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hydrate in legumes, and Bailey (1958) 1™ foillul 3~5‘5 P“ cc « ar ^ 
in clover leaves. The low soluble-sugar content of legumes offers one 
explanation why they arc more difficult to ensile than grasses. Even 
in grasses the carbohydrate level influences the ensibng process, a lugh 
content of easily hydrolysed fructosan in spring grass ensurmg a 
satisfactory type of fermentation which is frequently lackrng when 
autumn grass, low in fructosan, is ensiled. 

STRUCTURAL CARBOHYDRATES AND PECTIN 

Cellulose. Cellulose is the major constituent of the cell wall of all 
plants. Although the structure of the ccllu osc of herbage has not 
been studied it is probably similar to other plant celluloses which are 
glucosc-polysaccharidcs consisting of long chains of ghicopyranose 
units linked through carbon atoms 1 and 4 by P-glucosidic bonds. 
These chains arc packed into well-orientated aggregates, or micelles 
and microfibrils, which arc ‘encrusted' with lignin and a range oi 
polysaccharides generally termed hcmicelluloscs. . . 

The classical method for the determination of cellulose involves 
treatments with chlorine and sodium sulphite solution which remove 
all but the ccllulosic framework and a xylan fraction. Some workers 
regard this xylan, or ccllulosan, as an integral part of the ccllulosic 
framework of any plant material, although not necessarily chemically 
combined, or prefer to designate cellulose plus the xylan as natural 
cellulose. Since the xylan can be removed by treatment with acid or 
alkali, and other methods for determining cellulose remove varying 
quantities of the xylan it is more realistic to consider it as one ot the 
hemicelluloses. The determination of ‘natural cellulose might be 
justified if this cellulose contained a constant proportion of xylan but 
this does not seem the ease. In maturing ryegrass Norman (1936J 
found the xylan content to increase from 20 to 30 per cent but in a 
further similar investigation it varied irregularly between 23 an 29 
per cent (Norman and Richardson, 1937)- In seven grass species cut 
at a young stage of growth a variation of 8 to 25 per cent was obtamed 
(Huston, 1934). . . , 

Cellulose, being the main structural constituent of the plant, torms 
an increasing proportion of the plant as it matures, and examples of 
the changes arc afforded by work on ryegrass and timothy. In rye- 
grass (Western Wolths) the true cellulose content increased from i6*8 
to 29*0 per cent of the dry matter as the grass matured over a period of 
51 days (Norman, 1936). In timothy, the increase was from 21 to 
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29 per cent m about jo days (Phillips Davis and Wcihc 1942) The 
range of cellulose contents of herbage grasses is from about 15 to 35 
per cent the level being determmed mainly by stage of plant grow th 
but also by growth habit and other characteristics of the individual 
species 

The natural cellulose of clovers contains less xylan than that of 
grasses at least when the plants are young There is a surprising lack 
of information on the cellulose content of pasture clovers particularly 
in regard to changes with maturity If however fibre contents are 
considered fair reflections of cellulose contents then the clovers 
generally contain less cellulose than the grasses Clo\ ers apparently 
show little seasonal variation if cut young since in S100 white clover 
cut four tunes at the $-6 in stage from June to September the cellulose 
content varied only between 1 3 o and 1 5 6 per cent The xylan asso- 
aated with this cellulose varied from a l to 2 5 per cent In lucerne 
cut otir tunes about 12 m high the figures for cellulose were 15 3 to 

tFu™ f °' lss0CI1 " a ^ 7 to 4 3 per cent 
™ H J" f " ,hsrs T* 1 ' hcmicclluloscs has been given to a 
of the ll! t T“irT tI i ' “ s ““ted with the cellulosic structure 

f c v l a ^. Hemicelluloses have teen defined as cell wall 

b hvd“S t S “ iJU,e bM n °' “ which may 

^ Accordmg ,0 Jetmyn (1955) typical hemiccllulose preparations may 

thell^’Toct'”’ CUh ' r rCm ° VCl1 from fibrils by 

polysacchandes ° C e3a5tB1 S outside the fibrils m the encrusting 

Othir moTOsc 11^1^' mannose galactose and possibly 

up ° mc 

m=thyUtedandsTOmesa“e^k™i ’ nd ^ ^ USmlly 

^ W not been com- 
from heiruccllulosc aralvm , j 4 * 10 ? °* P ectm araban and galactan 
(5) The special polysacchand 15 ^ most always arbitrary 

of certam pW for1 *’ bulk of the cell walls 

included as hemicclluloses ozrmt of tllc lv °*y nut may be 

pure y by expanding or contracting 
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the scope of definitions Seaweed polysaccharides, although not 
usually considered as hcmicclhitoses, are nevertheless extracted and 
analysed by much the same methods 

For the separation of the hemicelluloses a procedure of frictional 
preeip.tat.on from alkalme solut.on has been widely used Tin: P ant 
material .s freed of pectin-and tins may not always be casy-a d then 
extracted with hot or cold alhah solut.on The extract 1 acddled m 
steps and the pree.p.tated hemicelluloses recovered Further 
are obtamed by the addmon of acetone The method of Horns md 
Preeee (1930), which has been used for the exa.mnat.on of grass hem - 
celluloses, separates the hemicelluloses into three man fact on 
hem.cell. lose A, by aad.ficat.on of the alkalme extract, hemiceUulose 
B, by the addmon of half volume of acetone to the filtrate from A. and 

“ m b' tPF^thl 

celluloses are present Subsequent work on the identification of tl 
sugar units m the separated hemicelluloses genera y revea s a 
of sugars but no proof of their origin . , , 

Boston (1934) examined the hemicelluloses of cocksfoot by the pro- 
cedure of Norris and Preeee The various fractions accounted for 
only 60 per cent of the total hemicelluloses so the analytical figures 
may not be truly representative The figures quoted below are means 
of results obtamed in two years 


Fraction 

Uromc anhydride 
% (CO s x 4) 

Furfural 

% 

Units identified 

A 

n. 

u. 

C, 

C, 

I 6 

I 10 7 

1 3 1 

1 67 

1 9 9 

58 4 

I 52 5 

16 4 

53 7 

44 S 

Almost entirely xylose, with a 
trace of arabinose 

Mainly xylose, 15% arabinose, 
galacturomc acid 

70% hexose, galactose, arabmosc 
Mainly xylose, 15% arabmosc, 
uromc acid unidentified 

50% xylose 24% arabmosc, 
galactose, galacturomc acid 
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Xylose was the most plentiful sugar and fraction A was evidently 
almost entirely a xylan Incomplete precipitation of the total xylan 
in fraction A may be the reason for the appearance of the xylose m 
some of the other fractions Arabinosc was found in all the fractions 
in varying amounts and galactose m two Galacturomc acid was the 
only uromc acid identified and the quantity was small, probably 
amounting to less than i per cent of the herbage dry matter 
Harwood (1954) has developed a method for the examination of 
cell-wall polysaccharides which involves a two-stage acid hydrolysis 
of alcohol and water extracted herbage An analysis of perennial rye- 
grass of unstated age showed that xylose was the chief sugar present 
Calculated as polysaccharides the relative quantities of xylan, araban 
an ga actan were 5 1 1 3 , the galactan included some glucose pre- 
sumed to have come from degraded cellulose 
Yet pother line ; of attack on the hcmiccllulosc fraction has used 
S' t ? O OCC " ,llo *> “ » starting pomt (Wise rt , 1 , 

346) Treatment of plant tissue svith sodium chlorite in slightly 

akhofrr TT" m0,t ° f th ' >'S™ “ d soluble constituents 

- i rTrT “ ,l ' ° f 

protein removal i, incomplete d ' L S™ f —°- -s not easy and 

cocksfoot by th« aI |n™hodmd's^ 954 ^ j* 3m , m ' d thc hctmcclluloscs of 
cellulose by hot svater and altT™" 1 fr3ctlons fr ° m the h °lo- 
hydrolysis all fracnol, a They Found that on 

and uromc acid xylose accomtm^fo ^ b1ucosc - »»'>”>ose, galactose 
A pomt of mtetest is that about no f 74 PC r ccnt of tIle total sll S 3rs 
holoceUulose svas soluble m bothng^™' hcm '« 11 ' d “= »f 

celllt?ft t ome'™fe 58) P " p3 " d '-'—'Moses from rhe holo- 
and alkah X ™“' ’T ^ "■* ** ™Mr 
sugars two uromc aads and fX,,^ c hcmicelluloses contained four 
"I"' S?-> arabinmc,* ^ucme a“d T 4 T 1 - SU S- 

plentiful Of the uromc acids eal£ Xyl ° SC bem S ,hc mMt 
quantity than glucuronic aod STT, prBent m S rcater 
only xylose and glucose were f Q j C a ‘* a h-soluble hcmicelluloses 
Bmton (1934) determined thcmtal b P 11 , 

total hemiccllulose content of eight 
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grass species by the method outlined earlier. Most of the herbages 
were cut at a young stage of growth but samples of cocksfoot 12 in. 
high were included. The hemiceUulosc content only varied from 
i 6‘2 to 20*7 per cent of the herbage dry matter, the more mature cocks- 
foot giving 1 8 *4 per cent. The fraction, therefore, forms a considerable 
part of the herbage dry matter even in the young plant. 

The changes with maturity are illustrated by the work of Bennett 
(1940) who examined the changes in composition of Kentucky blue 
grass and red clover. The total hemicelluloses were determined by 
the method of Buston (1934). Herbage samples were taken when the 
plants were 3 in. tall and every 5-8 days thereafter to the flowering 
stage. The analytical data for the first and last samples only are given 
in Table 3.7. 

TABLE 3 . 7 . Composition oj herbage from young stage of growth to flowering 
(Bennett, 1940) 


Date of sampling 

% dry matter 
Hcmicellulose Pectin 

Furfural 
is pentosan 

26 April 1935 

14-2 

Kentucky blue grass 

0-7 io-6 

27 May „ 

8 May 1936 

27*8 

i-o 

20*3 

i8-i 

0-9 

14-8 

Jojunc „ 

2 $-I 

1 -i 

21-3 

16 May 1937 

20-4 

o -9 

16-j 

9 June „ 

25*2 

O'S 

T 0'9 

8 May 1936 

6-9 

Red clover 
5-6 

8-2 

10 June „ 

1 1-4 

5-5 

1 1 "2 

14 Miy 1947 

4*3 

7*2 

8-8 

20 June „ 

S -5 

7-0 

lt-6 


The hcmiccllulosc content increases with age of plant and the grass 
contains a much higher quantity than the clover. The clover, however, 
» much richer in the other structural constituent, pectin. The furfural, 
calculated as pentosan in the Table, is a measure ofthc pentosans and 
uronic acids of the hemicelluloses and pectin, and the values illustrate 
the preponderance of pentose units in the hcmiccllulosc. 

NVaitc (1950) examined the holocellulose fraction of perennial 
grasses and an annual ryegrass cut at varying stages of growth. As 
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age increased the contents of xylan ccllulosic glucosan ami uromc and 
rose but the non-xyUn henueclluloscs showed only small elunges 
The polysaccharides in leaf and stem were similar Compared '\nh 
perennial grasses the annual grass contained a smaller proportion 
of hcmicclluloscs 

From this brief discussion on the chemical nature of the hcmicclluloscs 
of pasture plants it is clear that precise knowledge of the constituents 
is lacking and not likely to be easily attained. Undoubtedly the pen- 
tose polysaccharide, xylan, is present but the presence of free araban, 
galactan and glucosan is uncertain It is thought by many workers 
that these polysaccharides, and also x\lan, arc present m the plant 
structures as definite compounds with a uroruc acuL Further experi- 
mental work may show if this is true or if the poly saccharides arc bound 
only physically to a poly uromc acid. 

IVcfic substances Very little is known about the pcctic subsun ccs of 
pasture plants In grasses they arc minor constituents accounting for 
up to about 3 per cent of herbage dry matter but clovers may contain 
appreciably more In a study (Bennett, 1940) of the pcctic substances 
ot Kentucky blue grass {Poa prataisis) and red clover (Trtfoteum 
prateusts) harvested from a very young stage of grow th to the flow enng 
s ge, the highest quannty found in the grass w as 1 • 1 per cent and in the 
clover, 8 3 per cent No seasonal trend w as apparent 
JTT i PhntS v hcSC ° cair particularly m the primary' cell 

„ o a “ d 1:1,50 m ' th 4* nlddl ^^ella although they are somenmesfound 
occuTwn ThCy / r ' dcnV3 ' ,vn of pol)phcturonic and and 
uvranm tl ’ c . f ° 11 °"" n S f°™ (,) pccnc acid, probably a long cham of 
rbroXb tUrOT ‘ C 1C,d rt5,da « ^ «-gl>cosidic linkages 
app cmlvar ' 4 ^" 7 '’, Wh,dl “ f °™ d "> *c mtddlc lamella 
a methvW, T a " d ma S"'™™ peetttes, (a) pectm. 

pectic Ld bv Iff ?p f S ° U ^ C m " a,cr and aasdy M™') ’ad 10 
nan e tmolnble % “ >,utKm! ' a ” d Ci) p.o.i-picn, a sob- 

comr t “ST '? tCt , bm “*">*= dilute acid, Xh poss.bly 

of peam ?Kb 8 ? Ut °“r haro ° f B«attr ieng.h ,b L .hoi 
hydrolysed "with acid ' V lrn ls °lated from the plant and 

that these sugars formed pa "of dT* a ” d S?da , Ct0!c ' and 11 '■'““S 1 ' 1 
that these associated sugaT f molccul t c lf » " ow bim™ 
and galactan since \ rC ? m two polysaccharides, araban 

PcmTadTTottaard^Ti 1 ^"^ “ k “« a “' d *» *' 

The total pente ...a,. ctl0n ' vith 7“ par cent alcohol 

Paette substance, ate usually determmed by moctlI! 
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with ammonium oxalate solution, hydrolysis of any pectin with dilute 
alkali and precipitation as calcium pectatc. The associated poly- 
saccharides are retained in the precipitate. 

An examination of a calcium pectate obtained from cocksfoot 
(Buston, 1934) showed it to contain about 67 per cent uromc anhydride 
and 19-5 furfural, and this suggests that the pectatc was similar to that 
found in other plant material. In this particular sample of cocksfoot 
some 80 per cent of the pectic substances were present as pectate and 
the remainder as the methyl ester, pectin. 


Lignin is deposited mainly between the nucrofibnk and micella 
strands of cellulose in the secondary cell walls of the plant. The 
quantity increases as the plant matures and since it is remarkably 
resistant to degradation by microbiological agencies it provi es a 
barrier preventing the digestion, within the grazing anima , o ot ler 
plant constituents. Lignin is not a carbohydrate derivative ut a ng 
molecular-weight aromatic complex, the structure °iw ic is not ye 
completely elucidated although the basic unit is probably a poly- 
flavanonc of the type shown below (Ritter et at., 1948)* 
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adopted to reduce the contamination without altering the lignins hut 
none can be considered entirely satisfactory 
Moon and Abou-Raya (1954) consider that the lignin of immature 
pasture plants may he identical with that of mature plants and that 
although there may be some differences in the methoxyl contents of 
lignin of different species, the methoxyl content of pure lignm of 
pasture plants is relatively constant They’ suggest that true lignm 
values could be calculated with reasonable accuracy from the methoxyl 
content of impure lignm preparations 
The lignin content of pasture spcacs probably \arics from about 
2 per cent of herbage dry matter in young herbage to about 12 per 
cent in herbage at the seeding stage Armstrong el al (1950) quote 
gnm figures for maturing perennial ryegrass, cocksfoot, tall fescue 
and lucerne, the ranges for the spcacs being 4 7-12 7, 5 5-9 7, 3 8-7 5. 
an 3 6-7 2 per cent respectively The effect of age on the lignin con- 
tent of the oat plant has been examined by Phillips ct al (1939) For 
rce weeks after the date of emergence the lignin content did not 
exceci 2 per cent At 6, 7, 8 and 9 weeks, the latter being the time of 
s 1 e contents were 2 0, 3 2, 4 7 and 6 7 per cent respectively 
and at 12 weeks the lignm had risen only to 8 4 per cent 

the lipids 

hpulr ? 0m P lex mixturc of fats, waxes, sterols and phospho- 

foot collected "t iff 44 cxa mined the lipids of ten samples of cocks- 
foot collected at different times and obtained the results given below 



Total 

lipids 

Lipids soluble in acetone 
at o°C 

otal Fatty Unsaponi- 
acids fiablc 

Waxes 

Phospho- 

lipids 

Mean % on 
dry matter 
Standard 
deviation 

6 12 

1 oj 

5 06 3 13 0 96 

0 83 0 1>7 0 17 

0 86 ' 

009 

0 20 

0 07 


herbage dry nutter 1 Thehaf htTdlfr ^ \ 15 ' ° 3 pCC of ^ 

and seeds in that thev mm, S , ” Prom tlie depot fats of animal 
fatty acids consists of the n ° ° ? Q d O ver 80 per cent of th 
of the unsaturated lmoleic and lmolemc aads, n 
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about equal proportions. Palmitic acid is the main saturated acid. 
Maturation of the herbage causes a decrease in fatty acid content and a 
reduction in the proportion of unsaturated acids. Also, natural dry- 
ing, as in haymaking results in a large loss of unsaturated acids 
(Brouwer and van Albada, 1943). 

An examination of saponified waxes of cocksfoot and ryegrass 
showed they consisted mainly of the long-chain primary alcohol 
11-hexacosanol (Pollard et <1/., 1931). Using chromatographic tech- 
niques Blair and his colleagues (1933) found the major constituents of 
lucerne waxes to be C 29 and C 31 paraffins and esters, with small 
quantities of the free alcohols, n-triacosanol and n-octacosanol. On 
saponification the esters yielded alcohols similar in composition to the 
free alcohols. 

The yield of the labile phospholipids varies with the analytical 
method adopted. Low yields of o- 1-0*2 per cent obtained on dried 
cocksfoot and ryegrass can be raised to 1*5-1 *7 per cent if the fresh 
herbage is treated with boiling alcohol (Shorland, 1944)- Lecithin, 
kephalin and a salt of phosphatidic acid are present in the fraction and, 
m general, the phospholipid fatty acid composition resembles that of 
the fats of the herbage. The main sterol of herbage plants appears to 
be sitosterol (Blair, Mitchell and Silker, 1951) and the presence of 
crgosterol has been noted (Pollard, 1936). 


ORGANIC ACIDS 

Organic acids are early products of photosynthesis and are intimately 
concerned in the metabolism of fats, carbohydrates and proteins within 
the plant. In view of their varying functions a complex mixture of 
acids would be expected and this is now being demonstrated by 
developing chromatographic methods. Davis and Hughes (1954) 
nave reported the presence of twelve adds in herbage extracts and have 
identified acetic, succinic, malic, malonic and atric acids. Hume and 
Bachardson (1954) further identified chlorogenic and quinic adds, and 
suggest yet another add is allied constitutionally to quinic add. 
Aconitic, tricarballyic and a trace of oxalic add have been noted in the 
caves of cereals by Nelson and his colleagues (193 1). De Man and De 
Hcus (1947) also found, by chemical means, appredablc quantities of 
oxahe add in perennial ryegrass although none was detected in this 
grass, cocksfoot and timothy by chromatographic methods (Davies 
and Hughes, 1954). Quantitatively malic is the most plentiful add 
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and together with citnc acid commutes about 50 per cent of the total 
acids 

The total organic acids can represent a very appreciable fraction of 
herbage dry matter In young perennial ryegrass, cut at various times 
of the summer, figures of 83 to 144 m equivalent per 100 gm herbage 
dry matter were obtained (De Man and De Heus 1947) Calculated 
as malic acid these are 5 6 and 9 6 per cent Ferguson (1948) quotes an 
equivalent of 11 6 malic and in young red clover and it seems that 
clovers generally contain more acids than grasses The limited data 
available suggest that stage of plant growth and time of y car influence 
the level of acids in pasture grasses, and a diurnal variation is also 
evident 


1 nt riumtriTS 

The pigments of the chloroplasts of pasture plants arc of two groups, 
the chlorophylls and the carotenoids They are closely associated, 
which suggests that both groups participate in photosynthesis although 
arotcnoiZ ™ CnCC n0t been P roduccd of a part played by the 

5 C ^ rCCn chlorophylls, a and b, arc complex esters of the tn- 
cl f°A 0 P b y Um ( C 3iH 29 N 4 Mg (COOH) 3 ) With methyl 

m solution P ^ i OH ) Tbc carotenoi ds, yellow to orange 

PO U °LT y , b ' ^ m ° tW0 ck!! ' s to their com- 

comZ™' Y ' k0atb r (ar0,encs ) and,, ' cr3rk 'g'^<>f<>^S“- 

t C f r ° Kn0ls which usually 

4oXn aTor >d[0,tyl8r0Ur! ^’tatt.tally all carotenoids have 

green plmtsTiid mT T a PP roxin i2tc quantitative relationship m 
a parti. ehlorophyU i, tWfotnW chlorophyll u 

Tart and xanthophyll ow-third Tf , ? <atotcnc on '-“ xth , of a 
clonal lines of hrnm M c 11 f 3 P art per 1 ooo parts green leaf In 
phyll ranged from s/to'ait 7 mi1 mat Pre, the total chloro- 
carotenc from 3 4 to tz 4 pam°t^ Car ° tcn0 '* 1 rr ™> to 2 to 30 3 and 
and Miller, 1940) ] n J. °f the dry weight (Johnson 

Season the total chlorophyll ront^lf thr ° U8h '’’ C 8 ”™ S f 

the herbage dry matter 1 A c t 1 ^? ncd ^ rom 0 8 to 1 5 per cent of 
chlorophyll and protein ^ C j2 Se rc ktiomhip existed between 

phyll b varied from 3 3 to *> R fa* ratl ° cldoro pbyll a/chloro- 

the chlorophyll-carotene rann j . rt ^ * 1954 ) In w ln tc clover 
7 -carotene ratio vaned during the year from r8 to 9« 
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and averaged 36, the chlorophyll-xanthophy 1 ratio averaged 12-3 and 
the xamhophyll-carotcnc ratio 2-9 (Beck and Redman 1940). 

Chlorophyll has no apparent direct nutritional value to .animals. 
However, a deep-green leaf colour, indicating high chlorophyll content, 
is usually associated with high protein and high carotene contents 
Xanthophyll likewise has no known nutritional value and carotene 
the only pigment of significance in animal nutrition. 

The carotene of growing pasture plants is almost en tirely / 3 -carotcnc, 
the precursor of vitamin A, and the only source of the vitamin fo 
grazing animals. The concentration of carotene is relatively high 
young plants and decreases as the plants mature and the proportion of 
leaf to stem decreases. The carotene content of field-dried hay 
usually negligible. Factors ensuring rapid plant growth, such as 
favourable climatic conditions and an adequate soil supply of nutnci , 
give rise to high carotene levels in the plants m the early stages o 
growth. Manuring with nitrogenous fertilizers has a favourable effect 

oncaroteneconte.it Differences between grassland species mcaotene 

content arc to be expected since species differ in rate o grow 
their lcaf-to-stem proportions. Generally pasture legumes contain 
more carotene than grasses and the fall in level with maturity 1 
marked in the legumes. Very young grasses and clovers can attain 

carotene contents of about (So mg. per cent of the ry ma ® . T 

spring and in the autumn but this high level is not maintained for g 
and the values of 20-40 mg. per cent for grasses and 30-50 mg. per 
cent for legumes represent more general levels in herbage at a norma 
grazing stage. Carotene, being highly unsaturated, « a very unstable 
compound and when the plant is cut enzymic, photochemical and 
oxidative destruction of carotene commences immediately. T his tact 
is of little importance to the grazing animal but is significant m the 
production of dried grass used as a source of carotene ill pig an pou ry 
rations. The losses of carotene, with reasonable wilting and efficient 
drying, need be only 15-20 per cent but a further 30-40 per cent may 
be lost during several months of storage (Waite and Sastry, 1949). 
Low temperatures and exclusion of light and air during storage will 
minimize the loss. 

THE VITAMINS AND 80ME OTHER MINOR CONSTITUENTS 

Plant material contains no vitamin A and the variations ui the level 
of carotene, the precursor of vitamin A, hi grassland herbage have been 
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discussed earlier Vitamin D seems to be absent in fresh herbage but 
present m small dead areas of the leaf and in sun-cured hays which ha\ e 
been subjected to ultra-violet radiation Grassland herbage contains 
a small quantity of ergosterol which is converted to vitamin D by 
irradiation and the apparent lack of vitamin D in fresh herbage as 
determined by biological assay may be influenced by the fact that 
carotene can act as a rachitogcmc agent (Grant, 1953, Grant and O Hara, 
1957) Vitamin E is present in grassland herbage but little information 
is available concerning us seasonal variation Vitamin C, or ascorbic 
and appears to be generally present 111 all green forage, the quantity 
falling as the plants mature Booth (1942) quotes figures of 40 mg 
ascorbic acid per 100 gm fresh winter grass and 140 mg for summer 
grass 


Since the components of the vitamin B complex are synthesized in 
the ruminant animal, the quantities present in grassland herbage have 
not received much attention The grasses and clovers, however, con- 
tain useful quantities of most of these vitamins Thomas and Walker 
(1949) determined the amounts of B vitamins in a number of grasses 
and clovers which were at a fauly advanced stage of growth and 
obtained the following results, the figures quoted bemg expressed as 
mg per 100 gm herbage dry matter aneurrn o 2-0 4, riboflavin 
o 9-2 0, nicotinic acid 3 3-4 6, pantothenic and o 5-1 7, biotin 
o 01-0 04 and pyridoxin os-14 

Glycosides, such as coumann and related compounds which arc 
aemorr agic agents, are found in certain herbage species not com- 
f 1 , USC 1 ? x tbe ^ mtc< l Kingdom Commercial white sweet clover 
e 1 0 us a a) was reported to contain 036 per cent coumann, o 27 
w cat , md ;lT f n i ° °5 per cent coumanc aerd, and yellow 
The bin ^ 0 6 S. o 2 5 and o 04 per cent respeettvely 

” 4 " nplUt t llt > oP these species appear to be due to 

nechtnble^ OUn *Y ^ e " tata w htch « free of bitter taste contains 

neglrgrble amounts (Bnnk and Roberts, 19,7} 

leKumcs^Tthr probab * y present in most pasture plants but only in the 

7? apprmibk n»= 

ruminants (Lmdahl n „f ‘° ,C ° f a S' nB of blolt m 

her of supar< Kn,t.r, ’ y54 ' , lhc sa P omns are glycosides, a num- 
wSttflT m ' hc -■"Pounds, and the aglycones, or 

xylose, glucose and rhi'm yielded the sugars arabmose, 

^ 6 ' anJ rl,amnosc ' *>« milder treatment wtth btomme 
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water gave rise to spots on paper chromatograms which suggested the 
presence of three oligosaccharides (Bevenue and Williams 1955)- T1 
sapogenins are very similar to, .f not identical wtth those found m soya 
beam (Potter and Kummarov, 1954)- Two of the lucerne sapomm 
have been reported as toxic to fish and having the power to haemolyse 
red blood cells (Walter ct al, t954)- Three sapomns have also been 
found in Ladino clover (Trifilium repens) the three representmg some 

0-23 per cent of the clover dry matter (Walter 1955). T X 

gave glucose, galactose, xylose and rhamnose and three sapogetmts 
which were shown to be .dcntical with the soya sapogenols A, B and 
C of the soya bean. These saponins did not haemolyse red blood cdls 

and were not toxic to fish. No information is available concern g 

the seasonal variations in the contents of the saponins of lucerne and 

W Most planls contain anthocyanin and anthoxanthin pigments which 
are mainly glycosides but little is known about t eir occurrence 
pasture plants 7 The anthoxanthins include the widely distribute 
flavone and flavonol pigments which may occur either m a free formo 
as glycosides. Interest in such compounds has been stimulated since 
has been shown that certain members exhibit oestrogenic P«>P e, ™ s - 
Many of the common species of pasture plants contain ° cstro g e 
and in two species oflegumes, subterranean clover and red clover, the 
concentration can be high enough to have pathological effects on the 
grazing animal. Some lucerne and white dover S3nip es ave s 0 
slight oestrogenic activity but many have prove inactive, 
legumes generally retain their oestrogenic activity t iroug ion e 
growth season but the English grasses, ryegrass and cocksfoot, have been 
found active only during late spring and often not at all during the year, 
hi the Dwaleanup variety of subterranean clover, t le most po en 
oestrogenic pasture plant noted, the oestrogen has been i ent ic as 
genistcin, 5t7:4'-trihydroxyisoflavone. Although on y a wea ' y 
active oestrogen, this substance probably accoimts for a t le oestro- 
genic activity of the subterranean clover and can be present, mam y m 
the leaves, to the extent of 0-75 per cent of the clover dry matter. 1 
oestrogenic activity of red clover, which is lower than t lat o su^ 
terrancan clover, is due mainly to its content of biocliamn A, 5-7 
dihydroxy-4'-mcthoxyisoflavone, although genistcin may make some 
contribution. The oestrogenic activity of biochanin A is only about 
o*6 that of the closely related compound genistcin. 

In grasses, oestrogenic activity has been found for only about six 
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weeks m the late spring before flowering and it has not yet been 
possible to isolate sufficient of the oestrogenic compounds for chemical 
identification An excellent review by Pope (1954) includes accounts 
of the physiological and pathological disorders which can be caused by 
the ingestion of herbage oestrogens the possible influence of these 
oestrogens on milk quality and the methods adopted for the extraction 
and assay of the oestrogens 


MINERALS 

The variability of the mineral content of pasture plants is a very 
wide subject which cannot be dealt with adequately in this chapter All 
that can be done is to point out the effect of certain important factors 
on mineral content and give some indication of the variations which 
ansc under ordinary farming conditions For further information the 
reader is referred to published reviews by Orr (1928) and by Russell 
( 1944 ) ' 

The plant depends upon the soil for its supply of minerals and growth 
can be affected when the soil is deficient in certain elements Absolute 

e icicncy is rare but partial deficiency giving nse to herbage with a 
ow content of a particular clement to restriction of growth or per 
naps to crop failure is not uncommon In many parts of the world 
pasture legumes fail owing to lack of molybdenum m the soils and 
again large areas deficient in phosphorus produce poor yields of 
crowds COI f aimn S insufficient of this clement to ensure normal bone 
minor I” 1 6 ^ ra2m S amma l Soils m many areas are short of certain 
Amount CmCmS n ° t , esScn J t,al for Pknt growth or needed only in trace 
the ammff 5 m° * * ^ co PP er hut necessary for the well being of 
m the soil k « ai | lt ? na ” cc a satisfactory level of available elements 
adequate in 1 t ^ ere ^° re for the efficient production of herbage 
" T W f ° r thC Smin S aiumal Another aspect of 

detrimental to ^ ) eih ^ e of ckme ? tS 

mohbdcnum rJn , u > , °r example the uptake of selenium also 

(sec Russell 1 944 ) ” C CVC S c£nitcl y toxlc to grazmg ammals 

illustrated bTanoMm t0 utl bzc soil mmerals and this is 

and eight grasses crown mid madc four grassland herbs four clovers 
1952) The plants w » j m ^ 0rm S01 ^ conditions (Thomas et a\ , 

of the analytical 
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TABLE 3.8. Elements in herbs, legumes and grasses 


(% dry matter) (Thomas, ct. ah, 195 =) 



Calcium 

Phosphorus 

Potassium 

Mag- 

nesium 

Sodium | 

Chlorine 

Herbs 

Legumes 

Grasses 

1 -41 
1*69 
0*39 

o* 3 S 

0*38 

0*21 

3*07 

2*41 

1*99 

o -75 

069 

0*24 

_ 

0-15 

0-07 

0*13 

o* 5 i 

0*41 

0*50 


It will be seen tl.at the herbs and legumes contmned comideraMy 
mote of all the elements quoted, except sodium and chlonne than 
the grasses, the most striking difference being m calcium ^ WSlum 
contents. Figures for minor elements showed that theherbs and 
legumes contained more iron and manganese than the gr j 
copper and cohalt contents were rather srnular. The rela ed pecm 
showed quite wide differences. Within the legttmc : group, lucerne 
and Alsike showed higher figures than tre 01 an sa ' 

grasses, meadow fescue, ryegrass, cocksfoot and 

superior to the other less valuable pasture grasses. elements 

tent of herbage varies with stage of plant gro\ , „i nor 

declining as the plant matures but calcium, and P oss ' ^ 
elements, can show very little change. Fagan (*? 2 ) , 

Italian ryegrass found that over an eight-week period the pk“P"“ 
content fell from 0-38 to 0-16 per cent the potassium bm 
per cent whereas the calcium remained fairly constant at about o 6 per 

“ The highest mineral content which a particular sward can 
be maintained reasonably well throughout the grass season it the 
herbage is kept at a young leafy stage by close grazing. 
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CHAPTER TOUR 


The Nutritional Value of Herbage 

D L TRIBL, M l'RLLR AND J II COOMDE 

Chemical composition of herbage— Stage of grou th— Botanical composition, toil 
fertility, climate , feeding t due of pasture— Digestibility, Wl 

energy i aluc, in tale, protein i ahe, feeding standards, ether faetors, seasonal changes 


The feeding value of pasture plants has often been described in terms 
ot their gross chemical composition, namely stater, crude fibre, crude 
protein ether extract, nitrogen-free extract and ash In addition to the 
Chan t rl m .' ltJt ' 0nS , 0f , th,S ty P c of analysis, sshicli svere oudmed in 
of the 3 11 m "n also be remembered that the nutritional significance 
conmhu 8 r C h“ m,,tUKn,S 1,0 hr B''y >» the extent to which the) 
' n "8y requirements of the animal Therefore it a 
mt ° 3CC °‘™ their digesttbdlty and the availability 
product! ve^oorn Cn ' rSy 6,1 ,he of the annual and for 

food P P ° SC3 ’ as mca3ure d by the net energy value of the 

mHuAjjTfhe 'nutnmt'ram" d ” ls br ? fl L y T* h thc factors "' hlc ' 1 nny 
desenbes thc factors whichT?"’"!,'* and thc second part 

animals utilize these nutrients cffic,c,Ic y '™ h ' vl n c!l S raan S 

™e chemical composition or herbaoe 

herbage are (fTthe^V^r ” wiucl1 influence the composition of 
composition of the sw£d° (i) 7h' Vth ° f thc plants ' W ,hc botanical 
climate (5) ft, manage”' T m'nent stems of the sod, (4) the 
6 lcnt ot the sward. Although in practice 
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these factors are often interrelated it is convenient to consider them 

Up> of this field of knowledge. It will be seen fine : the ,jufy 
work was concerned with the definition of factors which dinged the 
chemical composition of pasture plants for it was assumed such 
changes were necessarily of nutritional sign lc ;*n ce ' c , . 

shows a tendency to correlate nt.tnt.onal value with P^ slol °S' c ^ , a '“ 
morphological changes in plant tissues which may no e r 
the results of a Henneberg analysis. For this reason the nutntmna 
significance of the results of much of the earlier work is now in 
question, although the later sections of this chapter make it char dm 
much more research needs to be done to enable us to predic with 
confidence the feeding value of a particular association of plants 
particular class of stock. 
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chemical composition of both Italian rjegrass and red clover vaned 
with the stage of growth during a tcn-\v cch grow mg pctiod As the 
plants matured, the proportions of ether extract, crude protem, true 
protem and ash fell, and the proportions of fibre and nitrogen-free 
extract rose (See Table 41) 

TABLE 4 1 Chemical composition of Italian ryegrass at various ages 
(Fagan, 1928) 

(% dry matter) 



Penod of growth in v. ecks 

2 6 10 

Ether extract 

Crude protem 

Fibre 

N-free extractives 

Ash 

Calcium (Ca) 
Phosphorus (P) 
Potassium (K) 

3 8 24 2 1 

188 12 x 69 

20 4 216 25 3 

44 4 SS 9 60 2 

12 6 80 33 

062 065 038 

038 020 016 

311 2 63 1 83 


Hgln and his collogues llicn showed that as a plant matures the 
proportion of leaf to stem decreases The leaf at all stages of grosvth 
IS higher in crude protein, and lower in crude fibre, than the stem at the 
the plant matures the proportion of crude 
Dortto 1 f °eu l lC inc ^ l Se stem, and, conversely, tile pro- 
and S°^ flt r ” ¥ f and s,cm mK Morc ccccntly Waite 
previous™ V 9 confirmed m detail the genera] principles outlined by 
one of r " S and COnclud ' d <>■' changes which are character- 
extract “ m T 8 T ^ 1 ' a faU “ crude P™™, ash and edict 
extract con,™ ' ' “ d f m thc erode &rc end mtrogen-free 

sward and mrrb ^ ^ uc P aEC V to the decrease m thc lcafmcss of a 
(See Table 43/° ' ^ d “ n 8 c ‘n composition of both leaf and stem 

plants that'occur'iL dTrilSf* 4 *"'8" ln thc “h components of 
the phosphorus tints ^ nEatJrcs Their results make it clear that 
each fill a s „ r a’ s ^ $ aIli ma gnc 5 tum contents of thc dry matter 

conclusive concern, r,t,f m «““y The “suits are less 

dees no, va m 8 t “ 1 ““ m W ' b “ "'i'cenone are that this 
V mucti, or it may even rise, with maturity These 
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TABLE 4.2. Leaf: stem ratio and chemical tompositum of timothy during gnu t 
{Waite and Sastry, 1949) 


(% dry matter) 


Sampling 

date 

Ratio 

leaf: 

stem 

Crude 
protein 
L* S* 

Ether 

extract 

L S 

Ash 

L S 

Fibre 

L S 

N-free 

extractives 

L S 

May 20 
June 2 

June 16 
June 30 
July 14 

2*57 

1-30 

o*39 

0-35 

0-20 

21-7 I4-I 
17*2 il*4 
18*5 7*6 
12-3 4*4 

11*1 3*4 

3 - 8 2-9 

4- 7 2-5 
4*1 2-6 
3*3 i'7 
3*2 i*3 

7*1 9*9 
6-5 7*9 
8 *o 6'6 
8-8 5’° 
9 *o S‘° 

I9‘i 23*5 
23-8 29*7 
26-1 32*6 
26-9 31*7 
30-6 32*4 

48-3 49*6 

47 - 8 48 ’5 
43*3 50*6 

48- 7 57*2 
46*1 57‘9 


* L= leaf, S=stem 


changes were again illustrated by the work of Fagan and Ins “ ® ’ 

who showed that the grass leaf is richer in both calcium ^mtrogen 
than the stem, but the phosphorus contents are simi r. iLp 

matures the phosphorus and nitrogen contents of the lea ^gmduaUy 
fall, but the calcium content increases, whilst in the stem the nitrogen, 
phosphorus and calcium contents all decrease. - 1 m 

Little work has been done on pasture as a source of wa e«oluble 

vitamins because it has been thought that the ac e Thomas 

could synthesize all the requirements of the host ammak. Thomas 
and Walker (1949) analysed various pasture speaes, cu a p 

and concluded that such herbage is not a good s °“' c .j. a 

the vitamin B complex. However, the resuks ofPhJhpson and Rod 
1917) and Bnziass^ and Tribe (x 9 6o!>) indimte that the levels of 
thiamine, riboflavin and nicotinic add in herbage 3 y g 
of maturity are aU high. The work of Buziassy mid Tribe (,960a) 
abo supports the growing opinion that, when c ’ . ^ 

normal herbage, which contain fairly high levels of t c 

levels of vitamin synthesis in the rumen arc low. • 

Although it is thought that most grazing ammalsdo not require a 
dietary supply of vitamin C (ascorbic add), pasture p ® , 

as a good source of it. However, the vitamin C potency of a plant 
decreases as the plant matures. ... , - ,„, n \ 

Several workers (e.g. Davies r I at, ,953; Wane and SMry- 1949) 
have shown tint as the plant matures its content of carotene (the 
precursor of vitamin A) decreases, and a higldy significant positive 
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correlation has been reported between the protein and carotene con- 
tents of herbage It is only under extreme pasture conditions, such as 
drought conditions m Australia that the carotene intakes of grazing 
stock are likely to fall low enough to result m clinical signs of avita- 
minosis 

Pastures contain ergosterol (the precursor of vitamin D) but there is 
little information on the adequacy of this source According to 
Blaxter (1952) the small dead areas of leaves are richest in vitamin D 
and therefore, because of the irradiation effects mature pasture is a 
better source of this vitamin than is young herbage 

Herbage is generally regarded as a good source of vitamin E 


THE BOTANICAL COMPOSITION OF A SWARD 
Although as Wilson pointed out the differences m chemical com- 
position between grasses at the same stage of maturity are small 
compared with differences at various stages of growth, nevertheless 
these differences do exist, and therefore the nutritive value of a sward 
will be influenced by its botanical composition The species of a 
P a * tu * e uuxture may be divided mto three groups grasses, legumes 
and herbs Shapter (1935) working m South Australia, analysed 
vanous members of these three groups and found that the mean protein 
content for 4 legumes was 21 8 per cent for 11 grasses it was 7 4 P er 
cent, and for 5 herbs it was 12 per cent These findings support those 
°jj a ^ aU , w ^° com pared red clover with Italian ryegrass In 
addmon Snider (1946) and workers in New Zealand (Walker et a \ , 
^ 954 ) ve ound that grasses grown with legumes have a higher 
crude protein content than grasses grown alone Workers at Aberyst- 
wyth (P avia et cl 1953, Davies and Davies , 9S 6) found that the 
cr„r:: e § um « m 'he sward not only increased the percentage of 
m v of*' hibage and the total yield of 

As well , Ut so U ^ rcase< ^ rbe carotene content of the herbage 
erouDi chant' C ^ tmg differences m protein content between his three 
poups Shaptcr (r 93s ) also found sigmffcant differences in mineral 
™ ™t “ V “ a8C fo ' soluble ash in herbs was high, 12 5 

intermediate, pT^er'c^ ° V? ?*'" “ d f ° r ‘V”’ 

to compare the dictum and of “t™™ bas been ionC , 

grasses and in l \. , Phosphorus contents of legumes and 

Sh md ot^T *' raU K *ow '^t legumes are ncher m total 
(= g rS. ,oafl 6 T ! ”' “ nob" m phosphorus 

1 6 «gan, 1918 , Ripley « „/, Smdcr 6) 
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(1953) found that legume-grass associations were richer m 
and calcium, and poorer in phosphorus than grasses alone. S™£erg 
(1949) has shown that legumes arc richer in magnesium than arc grasses. 
The effect of introducing legumes, therefore, is to mcre^e Ae per- 
centage of crude protein, total ash and calcium and magnesium of the 

An interesting point from Shaptcr s fiE l ' r “ 1 uotc .^ “^ovc * 
high mineral content of herbs, many of which are classed * weeds. 
Some groups of workers have considered the advisability of deliberate y 
introducing these into pastures to raise the mineral content of he 
herbage. That pasturage may supply insufficient amounts of: 
to the grazing animal under certain circumstances las ecu argr 
M»er (i 9 J») and in many parts of the world it has been shown that 
pastures may not support full productivity of animals because of 

mineral deficiencies. . . , 

Thomas tt <il. (195 6a, b) compared four different swards contt iinmg 
22 per cent, 14 per cent, 7 per cent and o per cent herbs. icy 
that total yields of dry matter were decreased by an increasing per- 
centage of herbs, and that other undesirable effects were a decrease in 
the contents of digestible crude protein and total sugars, an. an nicreas 
in the crude fibre and lignin contents. However, inclusion of herbs 
increased the percentages of all the ash constituents except sodium, 
potassium, copper and cobalt. In a further experiment, where the 
pasture was cut for Hay, the same results were obtained. cse wor e 

came to the conclusion that a cover of more than 15 p cr cent er s w 


undesirable. , • 

Tribe, Gordon and Gimingham (1952) reported an experiment in 
which one group of young dairy heifers grazed a grass an over 
sward and a second group grazed a similar sward plus an area o ^ s ' 
There was no difference in the productivity or grazing^ e aviour o 
the two groups, but the inclusion of the herbs resulted in a re uction 
in the production of digestible nutrients per acre. 

As well as differences in composition between the three mam groups 
of herbage plants, there arc differences between species within these 
groups, and also differences between different strains of one species. 
For example, Mitchell (i954) showed that species of herbs differed 
markedly in their capacity to absorb trace elements from the sou. 
Working with legumes, Snider (1946) showed that red clover was 
lower in crude protein and total ash contents than was lucerne, and this 
Was confirmed by Ripley et at. (1949) who also reportcdsmall differences 
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between white clover and lucerne Some work with grasses was also 
reported from Illinois where Snider showed that Kentucky blue grass 
and brome grass had higher contents of protem and minerals than 
other grasses Phillips et al (1954) confirmed this nutritional superiority 
of Kentucky blue grass and also showed that Phatans was comparatively 
rich m protem Fagan and Milton (193 1) observed that different grass 
species showed variations in their mineral contents, even though at the 
same stage of maturity, and Bosch (1954) noted the high content of 
potassium in cocksfoot, and the high sodium content of perennial 
ryegrass 

The differences in chemical composition between different strains 
of a species are usually smaller than those between different species, 
however, they do occur, and they are often related to the leafiness of 
the strain At the Welsh Plant Breeding Station (Fagan, i9-9)» 
indigenous strains of cocksfoot and timothy produced a pasture higher 
in protem than commercial strains of the same grasses, simply because 
they had a higher leaf stem ratio 


FERTILITY OP THE SOIL 

The third factor affecting the nutritive value of a pasture sward is the 
ability of the soil to supply the plant with nutrients, and this, of course, 
is intimately bound up with the fertilizer treatment 
The level of a mineral m a plant depends partly on the availability 
of that mineral in the soil This effect is superimposed on the effects 
ot stage of growth and the species of plant concerned For example 
Richardson et al (1931) reported an experiment done m Australia m 
which Italian ryegrass was grown on three different soils Analyses 
ot soil and plant were made for soluble ash, calcium, phosphorus, 
nitrogen and potassium, and it was shown that the levels of these 
utnents in the plant were proportional to the levels in the soil In 
“ “ man y Aments, eg nitrogen, calcium, phosphorus, 

sdp , hut and c °pp«. * w m £ ^ S od » 

Its comtniiM , m a ecre ^ e ^ productivity of the sward or of certain of 
fer"! legumes Additions of fertilizers are 

of the obrnt r aJ m ordcr to satls fy the nutritional requirements 

improve * W A° A composition m order to 

of cobalt m o“ ,™ of th ' 8™img animal However, a deficiency 

and therefore whaVSTfetd™, "" ““"V 1 '!? aBict P 1 ™' 
the chemical romt, . „ crtilizers are used the purpose is to alter 
hemical composition of the herbage, rather thm its productivity 
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or health A recent paper (Ahmed and Evans, 1959) has indicated 
however, that cobalt is probably necessary for the adequate fixation of 

k wve::l way,. FatuUaar i'd^aiay of <W, nutrient 

particular nutrient in the soil, and hence a cy 

in the herbage. In so doing it will change a vege a of this 

food value too a pasture of high nutritional value &»tnpks of Tto 
effect are the applications of copper, cobalt and zinc to extemive areas. n 
Australia where neither intensive plant nor amma P , 
previously possible, and the application of phosphatic f "^s to 
deficient sods in South Africa. The second, and more >8*^ ^ £ 
which a fertihzer may act, is to increase the content of th^ppropriate 
element in the dry matter of the herbage In the majonty of cases, 

although no clinical deficiency is remedied in eit er P * feirtilizers 
the feeding value of the herbage is improved. Almostall fertilizer 
have been shown to produce this effect; thus the *pph“t.on of the 
appropriate fertilizers has been shown to increase le c 
plant of calcium and phosphorus (Fagan, I 9 z8), po^mm (B°sch 
1954), magnesium (Stewart and Reith, i 9 J«). »d «¥»• (Hdder and 
Spacer, 1954). In addition to these direct effects there may be niter- 
action in the soil between some of the imnera s. or cxam ? ’ 
appheation of lime to the soil can cause effects other than an mcrease 
in the calcium content of the herbage; for example it wdl mcrease the 
availability of molybdenum and thus result in a subsequent rise in the 
legume content of the pasture. However, liming can also depres: * 
availabihty of manganese, zinc and iron m the soil, with a subseque 
lowering in the concentrations of these elements in the plants. 

Another way in which fertilizers may affect the feeding value of 
herbage is by altering the botanical composition o t e swar . 
Australia, Hfider and Spencer (r 9 54) f°wid that fertilization with 
sulphur increased the proportion of legumes in the sward, with a 
subsequent increase in the crude protein content o t e er age. 
Similarly a well-known effect of phosphatic fertilizers is to encourage 
the development of clovers in the sward, particularly what the soil is 
moderately deficient in phosphorus, as in the continents of Africa an 

Australasia. . . . 

The application of nitrogaious fertilizers merits special mention, 
because these arc used extensively on grasslands in some countries. 
Such fertilizers, when applied to grasses, increase their nitrogen contents. 
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Mulder (1949) show cd that an application of o 4 cw t nitrogen per acre 
increased the crude protein content of the dry matter of y oung g* 315 
from 166 per cent to 28 per cent He also showed that an increase in 
the true protein content paralleled the crude protein figures How c\ cr, 
when nitrogenous fertilizers arc applied to pure legume swards the 
percentage ofnitrogen m the dry matter of the legumes is only increased 
when the dose rate is cxccpuonally high I f nitrogenous fertilizers are 
applied to legume-grass associations the percentage of legumes is often 
depressed, and the percentage of grasses is correspondingly increased. 
At levels of 0 6 cwt nitrogen per acre Walker et al (1953) f Qun ^ 
depression of legumes to be 20 per cent Thus nitrogenous fertilizers 
produce opposing effects an increase in the crude protein content of 
the herbage particularly with grasses and a decrease in the crude 
protein content due to suppression of legumes 
The ultimate effect of a nitrogenous fertilizer on the crude protein 
yield of a legume grass mixture wall depend on three factors (a) the 
change in yield of dry matter (fc) the increase in the crude protein con- 
tent of the grasses (c) the decrease in crude protein yield due to 
decrease of clovers In an experiment carried out in New Zealand, 
Walker et al (1953) compared three markedly different rates of nitrogen 
application on a ryegrass/white clover sward, and found that the total 
yield ofnitrogen from the crop was practically the same for all three 
treatments In an experiment m England (Walker et al 1952) U was 
shown that on predommandy grass plots applications of a nitrogenous 
fertilizer increased the yield of dry matter and the yield of crude 
protein 1 


It was once thought that the increased percentage of nitrogen in the 
dry matter of fertdized herbage might to due to a large increase in 
non protein nitrogen levels However Mulder (1949) showed that 
Ferpmrvn ** contcm *k° reflected the true content and work by 
werp nnf 211 indicated that non protein nitrogen levels 

pounds raiSC mar ^ c< ^ y ky fertilization with nitrogenous com- 

and hauid c ?P enmcnts on the effect of farmyard manure 

sings of f ^ C{ * *° P^ture to be cut for hay Heavy dres- 

pofmon Si manUFC a “sMfc effiw on the mineral com- 
eSnt Itl ^ QUsed a * 0 * decrease m the fibre 

had a similar ^ P rotcm content Liquid manure 

meteaxd the control ,CVels rai Jl ° sl,8taly 

soluble ash calaum potassium and chlorine 
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In general Fagan concluded that these manures had only 

on the chemical composition of the sward, but were .mportant 

increasing the yield. 

climate . . , • _ 

The dimate of a region exerts its effert by determtmng the speac 
of plants that will grow in the area. Tire most .mportant aapea of 
the climate is the length of the growing season i.e. ^ 

moisture andtemperature conditions arc stutabe orac f ' . j 

The longer this period is, the better wittbc the overallnumtive value 

of the herbage, because the pasture will contain o P 

have a long growing period. These species remain at the immature 

leafy stage of growth for a long time, and, as bas already ^ ^ 

cussed, this stage gives herbage of the highest ee g ; • 

general case that the longer the life cycle o a strain or p 

the leafier it is. Thus the inclusion of later strams mean a Wto 

ture, with a consequent improvement ill nutritive v ■ . . 

climate is important because it determines the botamcal composition 

01 ifa, the climate affects the supply of nutrients from th=^ 
A high rainfall generally causes the soil to be poor us uutrien ts because 

of extensive leaching of soluble nutrients from t e U PP chemical 
Donald (1941) claims that climate can be a cause of poor chemical 
composition apart from any variations ofsoil, species or s g g 
He drew attention to the low nutrient content of pastures “ “op J 
and sub-tropical areas compared with those : 0 ; n trop ical 

states that the climate is directly responsible for this. > P 

regions, the high temperature during the ram a seas clilution 

atxive photosynthesis to proceed, resulting in a greater relative diluUon 
of nitrogen and minerals available from the soil, and, co q y, 
herbage very low in crude protein and ash contents. r, i 

Seasonal dimatic conditions generally affect the total y.eldofh=rb- 
age more than they affect its chemical composition, t oug 
circumstances they may affect both. . c rnn . 

Seasonal conditions can also affect the availability o nu nc 
the soil. Ferguson (1931) reported that the herbage contents of soluble 
ash, nitrogen, phosphorus, potassium and, to a lesser exten , s * 
were decreased by dry conditions, and increased with rainfall. Grecn- 
hiU and Page (1931) also found that the phosphorus contents of herbage 
fell during droughts, and advocated that fertilizers richer m phosphorus 
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than in calcium should be applied during dry conditions These 
findings were confirmed in general by later work m Germany 
Summing up these findings, it appears that moist conditions increase 
the proportions of nitrogen phosphorus and potassium m herbage 
During dry conditions the nitrogen and phosphorus levels in particular 
Will be depressed, potassium levels will be depressed to a lesser extent, 
and calcium levels will be maintamed. 

Seasonal conditions may affect the botanical composition of the 
sward, and in this way alter the chemical composition of the herbage 
For example, Roseveare (1947) showed that Phalaris was more 
resistant to prolonged spring flooding than timothy Similarly Davis 
and Martin (1949) found that ryegrass, cocksfoot and white clover 
were killed out readily by being submerged, whereas several grasses, 
e g meadow foxtail and Agropyron, were resistant to flooding It is 
also well recognized that particular species or strains are better adapted 
than others to such factors as high or low temperatures, drought, and 
y-length, and indirectly such influences on pasture composition will 
also affect the feeding value of the sward 


THE EFFECT OF MANAGEMENT 

In general the basic object of pasture management, from the point 
view o t c grazing animal, 1$ to arrest the normal pattern of herb- 
age eve opment, as far as climatic conditions permit, and to maintain 
me sward in a leafy condition for as much of the season as possible 
ome contro can be exercised by selection of pasture species with a 
°”~ VC StagC 3nd by tbe of s P caal leaf y strains within these 
Z Z J° SOmc ” tcnt ** pCHod of leafy growth can be spread by 
'me of P«turc Letu rcs wnh charter- 

can be used ZZ tC , g y owt ^- A gam fertilizers, particularly nitrogen, 

=25=S£»sS3rfe= 

of conttoTt^hT 8 “T 8 ' ramt ' W tver, the greatest degree 
elmXrJ? 1 ,rr i ° ra P 1 ™* q-ht) Th? fine halSrce 
maintenance of the svLd » d ‘he grazmg ammal in the 

'«« of the seasonal dLbm “n^f' ib l' Jonc5 ’ s Ni) " 0 ; kon ti ' 
composition. Different W,, f Paling pressure on botanical 
couraged by very heaw n 1 Spcacs coul d be suppressed or en- 
Es o> very heavy or hght graarng respectrvcty at the rune at 
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which they were making vigorous growth. In 
of grasses and clovers, leafy grasses and weeds ccmldbe M or 
maintained. Maintenance of a well-balanced sward ^a achieved 
Jones's experiments by a system of rotattonal grazing wth g ra g 
pressure distributed over the season in proportion to the available 

Ue Se 8 grazing animal arrests the normal maturation process o£ die 
plant by defoliation at intervals during the season, and the p P 

by producing fresh leaf material of high nutritive value, to imve tiga 
dons of the effects of frequent defoliation on the yield of herbage 
nutrients many workers have used cutting tec iqu t j, e 

grazing. Under these conditions, frequent defohatton durmg 

vegetative stage, before the growth has reac le 1 s ma. 1 

hat usually been found to reduce the total seasonal 

However; the translation of the results of such experiment^ ; tc ^ grazmg 

conditions is comphcated by the more gradual defoh«.on ofthepknt 

by the animal and hy its return of nutrients to the sward, tendmg to 

moderate the effects of frequent defoliation. prac 1 , 

is more likely to he depressed by too low a fre .W ^““"r 

and when environmental conditions favour rapi er g ^ . 

when the herbage plants have a short period of vegetaUve g™wt^.t 

may in fact be found that continuous grazing is a m 

tlique than rotational grazing for maintaining t ic nu 

“arthatnutritive value cannot be considered misoUdon from 
total herbage yield. The two factors are mutually opposed md the 
conflict constitutes a problem in grazing management that ran be 
resolved only in relation to all the other aspects of the gmzmg [complex, 
such as intensity of stocking and selective grazing a 1 ' 
however, it is rarely possible to adjust stocking ra e ,. 
seasonal differences in pasture growth rate and an overall stocking rate 
is fixed to achieve the best compromise over the season. 

In the final analysis the system of management can be judged ortiy 
by the yield of animal production per acre, and maximum p 
pi acrlcan be obtained only frol a 

utilization of available pasture at every grazing. ody pracncal 

way of reducing selectivity of grazing to this point is to 
ing rate so liigh that production per animal is depressed. Under 
conditions the ^available may be higher in protem and lower 
in fibre than necessary, or perhaps even desirable, from a pure y 
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nutritional viewpoint, but this condition is inseparable from the 
system of management 

It must be remarked, howeser, that this argument applies to the 
technical question of efficient pasture utilization, and may not apply to 
the economic considerations associated with certain forms of hscstock 
production 


THE FEEDING VALUE OF PASTURE 

Within limitations set by the climate and the fertility of the soil, the 
chemical composition of herbage will be determined primarily by its 
stage of growth, through the direct effect of this on the development 
of the structural and floral components of the plant and also on the 
distribution of tissue between leaf and stem If undisturbed by de- 
foliation, this process results in a seasonal pattern of change from a food 
high m soluble carbohydrate and protein and low in crude fibre, able 
to sustain ugh levels of milk production, to a fibrous material often 
incapable of maintaining a dry cow 
Th at change, the feeding take of herbage ate a reflcct.on of the 
c cc o t ec anges in its composition on the amount of energy’ which 
he “» <1% male of the hetbage Urn will 

the nm™ 11 ' e amount °f herbage eaten and secondly by 

,he M rc.na.ns after the lo* of 

A fj.fr C aC L CS ’ m ru * ncn fermentation and in urine excretion 
due maintain^ Tl’T' herbages m theit content of net energy ate 
the most Lefi 1 ** ' ! osscs * ’he simplest and at the present tune 
“f herbage feeding value :s tts dlgest.bd.ty 
t«d« “dy earned out and the 

m evaluatui/ berg luni “ i m 'h' 11 appbcation to be of practical me 
dieest.bd.tv dar 1 P ndircct estimation by the conversion of 
Wtem ’ lth0U8h J C ? m r <>,J y Poetised in .he starch cqutva- 
rection factors used mPim " 7 ' a ' 8 ' OTOrs l!u ' t0 tlie arbitrary cor- 

ntGESTIBILlTY OF HERBAGE 

accompanied by a decrease ^P Stowth of a pasture plant is 
due to the progressive nr» *** ^S^hbihty It appears that this is 
of soluble cell constituenfT 11 ^ 11 ^ cc ^ material at the expense 
by bgrnn winch protects it &om di c ” crustm S of the cellulose 
P tectsitttom the action of the rununalfloia The 
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association between this decline in digestibility and the changing pat- 
tern of chemical composition has been investigate y many w n 
with the aim of establishing accurate relationshtps which would enable 
the digestibility to be predicted from the chemical analysis without 

recourse to digestibility trials. . . 

Examination of the results of numerous digestibility delations 
on fresh and conserved herbage has shown that there is a g neg 
correlation between the content of crude fibre an gnin 
digestibility of the herbage organic matter (Lancaster, 1943 » 
and Garrigus, 1950; Walker and Hepburn, X 9 J<fc So W “ ™ 
application of regression equations based on sue corre a 1 
restricted to the types of herbage from which each equation was 
derived, they may give some measure of large differences m feeding 
value. However, the errors of prediction associated wit e S 
sion equations so far obtained are still too high for t c me 
of practical use in the evaluation of herbage (Raymond et 
Although refinements of analytical teclmique to iso ate m 1 P 
chemical constituents may increase the accuracy 0 i t s a PP 
now becoming clear that the changes in digesti ty w 
during the growth of a grass are intimately related to *= degree of 
organization of its cellular material and that t us may p 
reflected in the results of chemical analysis. , ., ... 

Recent work suggests that a more precise index of the igcstib ity 
of the first growth of a grass is the time interval between the ^ date 

which car emergence begins and the date of cutting, an or g > 

the time interval between successive defoliations. m ° n C ’ v r 
showed that the organic-matter digestibility of the irs gr 
grass temained fairly constant until the beginning o car cm g • 
despite a decline in leaf lamina percentage and cnidc pro cm 
T nil owing car emergence the digestibility coefficient c inc 
of approximately 0-5 units per day. Differences between 
ryegrass (S23 and S24) were wholly related to differences in the date 
of car emergence but there were specific differences ctu ccn gr c • 
The digestibility coefficient of S37 cocksfoot was always lo " cr 
that of ryegrass cut at the same stage of growth and the av g 
difference was 5-5 units. The difference was maintained in regrow-ths 
cut at monthly and two-mondily intervals. As the season adianc 
there was a gradual decline in the digestibility of the regrowth cuts 
from all grasses, despite an increase in the leaf lamina percentage. 

Tlic rapid fall in digestibility after car emergence it accompanied by 
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a similar change in the concentration of water-soluble carbohydrates 
and Tilley et al. (i960) have suggested that this is due to the progressive 
increase in the proportion of indigestible cell wall material, at the 
expense of those plant constituents which arc dissolved or suspended 
within the aqueous part of the plant. 

Although these methods of evaluating herbage have an immediate 
application in the timing of a conservation programme for the maxi- 
mum yield of digestible nutrients, their use under grazing conditions is 
limited by the degree of selection exercised by the animal. This Will 
vary according to the intensity of stocking but Hardison et al. (i954) 
found in one experiment that, even under fairly intensive management, 
grazed samples of herbage were 6 per cent more digestible than clipped 
samples. 

To avoid the errors associated with attempts to sample herbage as 
grazed* direct relationships have been sought between the digestibility 
of the herbage eaten and the chemical composition of the faeces. Of 
the two faecal constituents most successfully used as indicators nitrogen 
was first suggested by Lancaster (1949) and, due mainly to the relative 
simplicity of its analysis, it has been generally preferred to ‘ chromogcn' 
(plant pigments and. their breakdown products extracted by 85 per 
cent acetone) the indicator proposed by Reid et al. (1952). 

The relationship between faecal nitrogen and herbage digestibility 
rests on the preponderance of the metabolic fraction in the faecal 
nitrogen of ruminants. Over a wide range of nitrogen intake the 
output of faecal nitrogen is almost entirely dependent on the weight of 
dry matter eaten and to only a small extent on the nitrogen content of 
r k er k a S e (H utc hinson, 1958). Jt follows that the nitrogen content 
of the faeces must be closely related to the digestibility of the herbage. 
However, unacceptably large errors of prediction arc associated with 
regression equations derived from a range of herbage digestibility data 
and although these may be reduced by the use of ‘local’ regression 

emiatinnc rxrrirfJ 1 - . . , 
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determinations the faecal 0 f grazed her- 

the most satisfactory approach to 

bage. 

NET ENERGY VALUE OF HERBAGE _J„ no the amount 

The value of digested energy to the runummt f e P xcretio „, L on the 
of energy lost in rumen fermentation an energy can be used 

efficiency with which the remaining meta ^ (phjflrpson, 1959) ' s 
by the animal. The main source o duced y the rumen 

provided by the volatile fatty acids w c P. ^ ^ f ro m ^ 
from the anaerobic fermentation of .ca^ ^ V J UC of the 

deamination of amino aads. ine ts G f t he different acids 

food will be determined largely by e , p c used for 

produced and the relative efficiency with win* They can 

maintaining the animal and for f”“'" P more than 9 ° P« ccnt 
Acetic, propiomc and butyric relative proportions may 

ofthe total acids found in the rumen d the rum en liquor of 

vary considerably. Tilley ct al. (196°) analysed m ^ ^ of acc tic 

sheep fed a wide range of herbages an Similar differences 

acid to propionic acid varied from r r.X’adds produced by the 

were found in the proportion ofvds^ ^h thehigh content 
in vitro fermentation of these herbages. sta g e of growth 

of soluble carbohydrates assoaated wi 1 - 0 y cac ;a. However, 
tended to produce the highc» proportion o P P b to maintain 
these differences will not affect the ability of the her 5 ^ utiUzcd 

the animal, as widely different ct ,9,7). to 

with equal efficiency for this P“!f “K^tenancc depends 
other words the nutritive value of a herbage lot main 
almost solely on its content of lgestc en gy ^ f or ma i n tcnancc 

"When the level of intake is higicr q Sicily and it 

the metabolizable energy from die ^ 00 “ (“depends on the type of 
now appears that the extent o t is C P d t ], c consequent pro- 

nimcn fermentation promoted by the food and 1 Although 

poniom ofthe different fatty aads „ f volati l e f atty 

die quantitative aspects of energy , r _ c _ ______ t]iat ,},cre are differences 

add utilization arc not yet c ear, 1 pp (Armstrong e! a!., 

between the adds in their increments , off heat too I of or 

.,58) and ihat thme diiwrm^zcA 5 TV possibility that individual 
™ fiom the rumen may abo have specific role, in 
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metabolism has been demonstrated with respect to the synthesis of 
milk constituents by Rook and Balch (i959<*) 

Although the digested energy of a herbage may therefore be a less 
precise index of its net energy value for production than of its value for 
maintenance, it appears that in general digestibility is closely related to 
the availability of the digested energy for production For example 
Armstrong (i960) found that while an early cut sample of ryegrass 
was 41 per cent superior to a late cut m supplying net energy for 
maintenance, due almost entirely to the difference in digestibility, it 
was 83 per cent superior m supplying net energy for fattening 

Although current research aimed at establishing the efficiency of the 
various metabolic pathways followed by the products of rumen 
fermentation should eventually enable herbages to be evaluated in 
terms of the particular needs of the animal, at present it is usual in 
European countries to estimate the net energy content of a herbage, 
as with other foods in terms of its starch equivalent The starch 
equivalent of a food is normally determined by indirect estimation from 
digestibility data Standard conversion factors arc used to account 
for the loss of digested energy in rumen fermentation and urine excre- 
tion and an arbitrary correction, based on the crude fibre content of 
the food, is made for the lower avadabihty of the metabohzable energy 
from less digestible foods However no account is taken of the effect 
of the level of feeding on the net energy value 


THE INTAKE OF HERBAGE BY THE GRAZING ANIMAL 
The other mam factor determining the intake of net energy from a 
herbage is the appetite of the animal It appears that the voluntary 
intake of a roughage by a ruminant is regulated m relation to the load 
ot food residues in the alimentary tract (Blaxtcr et al , 1956) the daily 
ui e varying with the rate at which this load diminishes through 
digestion and the passage of digesta through the tract There is there- 
tore a dose relationship between the quality of a herbage, as measured 
uy its content o digested energy per unit weight, and the amount 
,he arums! will cat (Crampton rp 57 ) It follows that a small 
Xr' Y h= ° f » hertoge can We a relatively large 

licet on the intake of digested energy and particularly on the amount 
f ° r P™ duct,vc purposes This is well shown in 
dieestihil tv ! r0m ®^ xtcr {* 96 o) A difference of 30 units of 
two roughages led to a twelve-fold difference 
m th. amount of digested energy avadable for producove purposes 
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from Blaster (19 60 ) 


Food 

Apparent 
digesti- 
bility 
of energy 
% 

Appetite 

g dry matter 

Digested 

energy 

kcal 

Poor hay 

44 

58 

82 

117 

223 

Medium dried grass 


317 

Good dried grass 
% Difference 

74 


(Good— Poor) 

- -x IOO 

Poor 

+ 69 

+ 62 

+ 171 


Energy 

digested m 
excess of 
estimated 
maintenance 
requirement 

kcal 

16 

123 

216 

+ 1250 


Observed 

gain/day 


+ 1240 


in areas of the world where 

main source of energy for ruminants, ways ° f Ae of 

for this material have recently been mvestrgatei Smce^^ rf ^ 

rumen digestion will largely depen on avhich will increase 

ruminal flora, it follows that any dietary ^‘"nc^ed appetite 
microbial rates of metahohsm may also result m & the 

of the host animal. Moir and Williams (W° rate of 
intake of nitrogen is an important actor ^ ^ fom)d that the 
proliferation of the rumen bacteria pua lity herbage markedly 

£££ 255-EECSTnS: ■’»> 

that the moisture content, which is often as hig 4 P 

limit the dry matter intake by increasing ' t f grease in the 

hcrbacc is a function of the ammal rather than the plant (Tnb , 95 ) 
hut changes within the plant can modify this to a ^ 

Its stage of maturity is known to he an important factor (Davies, 9-51 
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and most of the observed differences in acceptability of pasture species 
and strains can be attributed to their stage of growth at the time 
Differences in acceptability may therefore have a significant effect on 
the nutrient intake of animals on pastures containing plant material at 
widely different stages of maturity 

On the other hand, the nutritional significance of the selection prefer- 
ences shown in a particular field of young herbage is doubtful. 
Although under conditions of restricted grazing the cattle studied by 
Hardison et a\ (1954) selected a diet 6 per cent more digestible than the 
total available herbage, these workers emphasized that this does not 
indicate active selection of nutrients by the animal but is rather a con- 
sequence of the physical characteristics of the leaves and their relative 
accessibility to the animal Under these conditions acceptability is 
only a relative term depending on the intensity of grazing management 
The apparent acceptability of herbage increases as the stocking rate is 
raised and the opportunities for selective grazing are reduced to a 
minimum "Whilst an animal that is allowed full scope for selective 
grazing would obtain a higher intake of digested energy than one 
grazed intensively, this would be at the expense of efficient pasture 
utilization which is essential for maximum animal production per acre 
of pasture 


Any consideration of the factors affecting the energy intake of grazing 
animals has always been severely handicapped by the difficulty of 
measuring it with sufficient accuracy However, the technique which 
depends on the mathematical relationship of the intake of food to its 
digestibility and the output of faeces as estimated from the concen- 
tration of indicator substances m the fceces has been markedly improved 
m recent years by reducing the errors associated with these estimations 
(Minson and Raymond, 1958, Corbett, i960) 


THE PROTEIN VALUE OF HERBACE 

extfru rSA* * P rotem to 1 ruminant is determined, first, by tb 
protein nitTr, 'u C rumcn degree to which the nor 

prol^S? 11 ' r? lt ^ cant>c ^forthe S ynthesisofnucrobi; 
duodenum undh^ei ^ 

r ° U ,° Wca ^ high concentration , 

°f the ™ “ TS *5 uot p°l™. 1955) due to 4c reedy rolutilu 
poteu,, the feeding value of such hetbige >, never Wed f 

146 
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i„ protein content. At the office 'tbfpro-dn content may 

txsrssr— i.V--wjss 

througlt the combined effect on the moke of . „n " hick 

ptoteL Akbo^tbet^ai^^^^Se 

and does not appear to be much aficc y P _ : n t h e n itro- 
food, the apparent digcsnbdity , which is o more . , ^ j ^ protein 
gen economy of the animal, is very highly correlat 0 l ut of 

content. Uappears that this is due to * ['"“Tdedint Td * the 
metabolic faecal nitrogen as the protein \ 

crude fibre content of the food increases ( el l rote ; n value for 
In the absence of an appropriate i “'Ton the protein equivalent 
ruminants, the feeding standards are as protein with an 

of the food. This is the content of digestible tru P This 

increment equal to half the content o 0 f ut ji za tion 

standard was adopted because of the v 
of non-protein nitrogen by the rumen bacteria. 

SEEDING STANDARDS FOR GRAZING ANIMALS 

The starch equivalent system of feeding standards^w^des.gne^f 

the guidance of farmers in rationing staU-fe , arU . . net ener gy 
to equate the intake 

for maintenance are calculated in relation to weight) 

theory to its metabohe she. or 

with, in the case of grazing animals, , rriments (Blaxter, 

energy expended. The results of ealoruneme 

i960) suggest that this increment rs vaUdity of the 

requirements by more than io per cen . auirements f or 

use of starch equivalent system for assessing en ^ cnergy> 

productive purposes and for evaluating t e o , ] j for 

has already been discussed. When the fccduig stan^riaremed 
meat-producing animals at grass these errors changes For 

difficulty of measuring and 

these reasons, and also because the &r ™ f practical use 

the amount of herbage eaten, ^' tnie to say tl, at wider these 

for grazing animals. It is P rob3 ^ f rcvC rsc for cstima- 
circu instances the system is used more utilized 

ting the energy intake of groups of animals or the yield ot utruz 
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energy from pastures than for predicting animal production from 
herbage . 

However, a consideration of the effect of pasture quality on the level 
of animal production does show the very high feeding value of fre- 
quently grazed herbage The high digestibility and high voluntary 
intake of this material combine to provide a cow with sufficient energy 
and more than enough protein for the daily production of 50-60 lb of 
milk. As the digestibility of the herbage falls, due to an increased 
interval between grazings, milk production is limited at first by the 
lower intake and lower availability of the digested energy, and later by 
the content of digestible protein which falls at a relatively faster rate 
than the content of net energy Although this suggests that increased 
production might be obtained by the use of energy-rich supplements 
on the highest quality pasture and by protcm-rich supplements on 
poorer herbage the results of several experiments reviewed by Holmes 
and Sykes (i960) show that where an adequate supply of good herb- 
age is available for milking cows, supplementation with concentrate 
food is rarely worth while The average response m these experi- 
ments to i lb of supplementary food was only o 3 lb of milk, largely 
due to a complementary reduction in the amount of grass eaten by the 
supplemented cows 


OTHER FACTORS AFFECTING THE NUTRITIVE VALUE OF VERY 
YOUNG HERBAGE 

With very young herbage there is some evsdence that the emphasis 
which has repeatedly been placed on the relationship between stage of 
growth and feeding value, requites some qualification This herbage 
has a high content of water, crude protem and soluble carbohydrates 
and a low content of crude fibre Although some of the effects of 
these tactors on ruminant digestion will be mentioned, it is probable 
° f cm,cum5 ''veiled at the feeding value and accepta- 
« v ° ^ ° U rS s P nn S pasture ansc because of an inadequate supply of 
Ann™? 3t 1 C tlmc L w ^ cn the animals are first turned out to grass 
0 fr t ° n cr ^ a 8 c a PP car to scour and hay is frequently 

Idlur'!! I C m i _ cfFcCts ’ of th “ con dition However! Rook 
at this time 1959 *bc fluid consistency of the faeces 

the 1 UC s,m pty to the effect of the high digestibility of 

and textur f U* c** ^ tait °f structural components on the output 
faCCal ^ do « -t involve the excretion 

1 ln ,ncTcasc d amount of \\ atcr and minerals m the faeces 
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An abnormal depression of the butterfat percentage in the milk of 
cows grazing very young grass has occas.onally been reported and 
McClymont (1950) was able to produce a 40 per cent depress, on on 

short pasture supplemented with concentrates. c eprcssi 

be prevented or corrected by feeding coarse roughage. s 

is similar to the one produced by Balch et al. (i 955 ) ln cows c 
containing a high ratio of concentrates to roughage, partial ar y 
the bay was ground and the concentrates were nc in s arc . 
these rations, as on young herbage (Tilley c, al., i960), the rumen bquor 
contains a relatively high proportion of propionic to acetic aci 
appears that this results from the effect of the high level of soluble 
carbohydrate and low content of fibrous material on the type of rum 
fermentation. Recent work by Rook and Balch (195911) SU SS 
that the effect of these rations on milk composition is due to sP e ™ c 
and opposite effects of acetic and propionic aads on the sy«'hM> s 
milk fat; dietary factors that cause an increase in the relative P r °P°™ 
of propionic acid produced in the rumen may lea to a epress 
milk fat percentage. The indication from this work diat propioni 1 
acid has also a specific and positive effect on the synthesis of the 
not-fat fraction of milk, may help to explain the marked m crease which 
frequently occurs in the solids-not-fat content of rru ' rom co 

a high proportion of non-protein nitrogen compounds, and in pa - 
ticular, of inorganic nitrate. Butler (1959) has studied the chenuca 
composition of rapidly growing ryegrass and its re ation *° 
production, and has defined factors which influence the nitra e content 
of herbage. Although, under field conditions, particularly in the 
autumn, the nitrate content is known to reach levels w uc are P 

tially toxic to stock, itis at present believed that the gener un lr 

which has been reported of stock grazing this herbage is m°rc c X. 
to be due to other constituents of the plants, or to a combination 
high nitrate and other constituents. 

SEASONAL CHANGES IN THE NUTRITIVE VALUE OF YOUNC 
HERBAGE 

It is frequently claimed by farmers that young autumn grass as milk- 
producing food is inferior to spring pasture grazed at the same stage ot 
growth, but there is as yet no satisfactory explanation of this difference. 

Minson ct a!, (i960) have found that the digestibility of ryegrass and 
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cocksfoot cut at monthly intervals is slightly low cr m the autumn than 
m the spnng despite a higher leaflamma percentage This is probably 
related to the markedly lower content of soluble carboh) drates which 
Waite and Boyd (1953) found in the purely vegetativ e growing points 
of autumn grass when compared with spnng grass in which flower 
initials were developing It is possible also that these differences might 
affect the pattern of rumen fermentation 
However, m cxpcnmental companions of spring and autumn grass 
cut at the same stage of growth and artificially dried, insignificant 
differences m milk production have been found (Holmes, 1956) and it 
is possible that differences in the field may be due to the depressing 
effect of environmental factors, such as contamination with mud or 
fungal infections, on the voluntary intake of the autumn herbage 
On the other hand there is some evidence that the effect of season on 
the animal may be of importance Raymond et a! (1954) examined 
the seasonal trends m the digestibility of the same batch of frozen 
herbage and found a small but consistent decline between autumn and 
winter, followed by an increase during the summer Workers in 
Western Australia have also found, m sheep on constant rations, a 
highly significant seasonal variation in the numbers of rumen bacteria 
'Inc peak in bacterial numbers occurs in the spnng and the minimum 
in late autumn, and Underwood and Moir (1956) have suggested a 
possible relation between light environment and rumen environment 
which could affect the efficiency of food utilization 
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CHAPTER FIVE 


Forage Crops 


M. E. CASTLE 


Introduction — Root crops: turnips 

potatoes — • Forage crops: hale, cabbage , rape, tn ustar , maize, 
cereals — Forage farm ing. 




The crops to be discussed in this chapter indude theforap j e ^ 

crops grown primarily for stock feed ®S’ ' ^ tller ^scellaneous 
root crops grown for human consump » 

crops which may, at times, be fed warm foyers, contain 

The forage and root crops, often termed . expensive 

from 70 to 90 per cent moisture and are t er ^ of va j ue f or only 
to grow and handle. The majority of e P , > do not pro- 
one season, and, unlike grass and clover, once grazed V Advantages 
duce a second crop. However, they do h ss j s scarce, 

of herbage, and in addition, provide valuable food wterg 
c.g. in the winter and early spring monte- „ f 

emphasis is being placed on grassland and grassland “I" The 

a considerable acreage of forage and »>“ ®^lSons for 
root crop has been the pivot of successful and b^uny 
many years and a departure from traditional cropping 
careful consideration. Hall («953) »• * * oSKd 

gests that our approach should be to modenuzeour ^ 

methods and thus lower production costs. W th tins 
.c. ascribed in this chapter can be usefully and salciy micgtawo 

HoaXmm“faitema,e husbandry in which ^nutrients arepro- 
ducedTom the grassland, and, when this is ploughed under, the sod 
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has an increased potential for producing arable crops for both animal 
and human consumption 

The acreage in England and Wales of the more important root and 
forage crops is gi\cn in Table 5 1 It will be seen that whereas the 

TABLE 5 1 Acreage of root end forage crops [s,eoo acres) EfrjfjfiJ & Wales 

1944 19J8 Percentage 

increase (+) 
or decrease {— ) 
19J9 m 1958 


Turnips and suedes 
Mangolds 

Cabbage, kale, savo>s 
and kohlrabi 
Rape 

Fodder-beet (high dry 
matter content) 




uuuuu toosumpiion 

acreage of turnips, sw edcs and mangolds has declined by over one-third 
smee 193 9 , the area sown with cabbage, kale and rape has increased 
threefold m the same period. 

The crops referred to in this chapter may be divided into ns o groups 
sourr<* !r r° j r part that is of greatest importance as a 

swede* °° F,rstl y* there arc the ‘root’ crops (turnips, 

root tubpr" h° ' k C< ?’ carrots * parsnips and potatoes), in which the 
secondlv the ^ p0C< ^ ’ corm * or rhizome is used for feedmg, and, 
Zmtn ' ° rag ^ CT ° PS &*• “hbage, mustard, cereals for 

and stems T* 1 ™' “P 1115 buckwheat) in which the leas cs 

fcrences betwe™ th* ^ St0C ^“ ' I ^ lcre arc important nutritional dif- 
as ZTlTn f ° UPS Thc ‘ root> CT °P S he regarded 

starch content* nfVt? °j ^ough they contain little fat, the sugar and 
m the outer skin* l”' m f, U , Cr arc VCry high and their fibre, mamly 

™11 digested by’^nLL^ 1510 ^ ^ hcimccllulosc and is, therefore, 

tively and theTr^ i° 0t i K P °° r quantitatively and qualita- 
of J h“h it thTmthtl 15 ,0W vitamin C content is 

variable The fnr'LT* m0re ^P 01 * 3111 carotene content is very 
g crops, on the other hand, generally contribute 
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much more protein to the diet, are high in — Partiad»ly cat^ 
tene, hut frequently contain indigestible gnrns, , ^bohy- 

matter, often have a lower value than 'roots as a source of carbohy 

dr Th= yields of nutrients from the various forage and root crops 
compared with those from grassland arc presented m Table 5-2- 


TABLE 5 2. Yields of nutrients from grass and various forage and root crop 



Yield 

tons/acre 

Dry 

matter 

cwt/acrc 

Starch 

equivalent 

cwt/acre 

Protein 

equivalent 

cwt/acre 

Good grass without 



24 

4*5 

fertilizer 

10 


High-producing ley* 


74 

44 

8-9 

(S23+S100) 

Kale, marrow-stem* 

19 

65 

75 

44 

(good crop) 

Kale, marrow-stem 

as 

45 

26 

3*9 

(average crop) 

15 

Turnips and swedes 


28 

18 

i-7 

(average crop) 
Mangolds (variety 

12 

27 

2*2 

SB 

36 

Yellow Globe) 


Fodder-beet (high dry- 

16 

64 

38 

1-9 

matter content) 

30 

27 

i-4 

Potatoes 

Maize (green crop) 

8 

15 

60 

2*4 


* Davies (i949) 


will be seen that grassland under fertile conditions and good manage- 
ment can produce more protein per acre than any fauivalcnt 

a good crop of kale may equal it as a producer of 
Both mangolds and fodder-beet have high yiel Ids < of sm. rch e< jmvatai 
but are poor sources of protein compared with the kale^op Many 
crops of kale exceed the level of production given in Table 5.2 and 
S may be regarded as one of the highest producers of starch and 

*&££*£* of producing starch equivalent from distent 
forage crops and from grassland is given in Table 5.3- ?’ 

tnhm largely from the work of Hamilton (ipss). clmrly 
relative cheapness of grazing as a source of starch equivalent. They 
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TABLE 5 3 Estimated cost of starch epn ataii i al its) from crop and grazing 



Cost of 

starch equivalent 

(Cl ion ) 

Relative cost 
(grazing = 100 ) 

Grazing (effective production) 

11 

too 

Kale (grazed) 

17 

136 

Kale (cm) 

18 

164 

Fodder-beet (rooti) 

33 

300 

Cabbage 

35 

318 

Turnips and jv. edes 

3<5 

327 

Mangolds 

40 

364 


also show that apart from pasture, both grazed kale and cut kale ate 
cheaper than any of the other crops The period during w hich grazing 
of high quality is available in appreciable quantities is limited With 
even the most skilful management, and the importance of the kales, 
grazed if possible, is evident The cost of producing grass silage is the 
same as that of grazed kale and the silage may be preferable to kale 
under certain conditions Without exception, all the home-grown 
foods in Table 5 3 arc cheaper per ton of starch equivalent than 
purchased cakes or meals 

The cost of producing protein equivalent from forage and root crops 
follows a similar pattern to that for starch equivalent (Long, I95 2 ) 
The cheapest source is temporary grass followed in order by, grass 
silage, kale, cabbage, swedes and mangolds 

In addition to considering the yield per acre and the cost per unit of 
starch and protein equivalent it is of importance to know the amount 
ot labour required for crops m relation to their starch equivalent value 
Some typical values quoted by Holmes (1953) are given in Table J4 


TABLE 5 4 Man hours required for various crops (Holmes, 1953 ) 



Typical man- 
hours per ton 

SE /ton 

Man-hours 
per cwt S.E 

Sdagc 

Hay 

Dried grass (tray drier) 

2-4 

10-15 

2S-30 

24 

72 ! 

1 25 

1-74 

2*64 

Swedes 

35-40 

6-8 

12-0 

l 5 

3 12 

4-66 


r 5 8 
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These figures indicate that grass crops require ^ lowest ammrnt of 
labour per unit of starch equivalent and that swedes, a typ.cal 

“t a™„a fa .« 

peak periods, one of which occurs in early summer when labour : u 
needed for silage and haymaking. This is a strong 
having alarge area of roots if the maximum use rs tobcmadeofg^ 
land. The month of the year during winch the root and l forage stops 
are available for consumption and the approxamate dates of sowmg 
indicated in Fig. 5.1. 


root crops 
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cattle and sheep In the past, large rations of swedes were regularly 
fed to fattening bullocks up to 150 lb per day plus straw and a sma" 
weight of concentrates Such a system ga\c h\ e-weight gams of up 
to 3 lb per day but was heavy on labour and could not be used 
economically today Where swedes arc fed at present they' generally 
constitute a portion of the maintenance rations of dairy' cattle or grow- 
ing stock Ewes in lamb wall consume about 7-10 lb and fattening 
sheep up to 20 lb of swedes per day according to the size of the sheep 
For most feeding purposes, swedes arc preferable to turnips although 



Ap, M ,y J UI , e Ju | r Au{ Sept On 
| Ftrhi , n which aop ft jeneroHy fl «j| ab , e 

\ c _ . . S Month crop Is town 

\ tgtgnM f*" 1 * «*«» crop may be mclhble 


Bc 5 I Availability of root and fora. 


tge crops m the different months of the yea 
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turnips are rapid growers and can often be grown as a use ^ ? 

Compared with kale and cabbage, there rs bttle or no ® ® “ 
either crop and their mineral content is low (Table 5-8)- If swedes 

have been harvested and clamped in the autumn t e op . m aJ 

source of useful stock food. Although not as nnporta " 

sugar-beet tops, they can, nevertheless, contain up ^ 

digestible crude protein in their dry matter. ey half kale 

to either cattle or sheep in a similar way to kale. ra nre f era ble 
and half swede tops reduces the chance of a milk taint an ^ j QW 

to one consisting entirely of tops. The yield of tops p 
and they cannot be considered a food of major lmportan . ■ 

Kohlrabi (Brassica oleraceasf.) are a form of cab age wi yyith 

turnip-like tern which stands above, but close to, the 

value and may be fed to sheep, cattle and pig • rremired for 

fairly well and may be left growing in the field untd 

feeding. Alternatively they may be ^^emuse they protrude 
Unlike swedes they do not taint the milk. A . 1 sheep, 

above the ground, there is little waste when folded with ^sheep. 
Although capable of withstanding conditions 
a widely grown crop because of their low yie p e 
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(2) The fodder stigar-beets have a range of dry-matter content from 
15-20 per cent and originate from crosses of sugar-beet with 
mangolds 

(3) The Barrcs-type mangolds have a dry-matter content not exceeding 
15 per cent 


There can, however, be no absolute line of demarcation between the 
groups as nearly every gradation exists in the large number of \aneties, 
and also any one variety may vary widely m dry-matter content from 
season to season- For example, Castle, Foot and Rowlands (1952a, b) 
found a range from 16 I to 23 1 per cent dry matter m the same variety 
in different years although grown under very similar conditions A 
heavy top dressing of nitrogen may also be found to depress the dry- 
matter content of the root A uniform nomenclature has not been 
accepted m this country and often farmers are not sure which type they 
are growing and feeding Thus m a survey by Rodger (1952) the 
majority of farmers did not know the variety they w ere growing and 
67 per cent of the beet surveyed was unidentified Because of this 
uncertainty much fodder-beet has been wrongly and tmeconotmcally 
fed Generally, the varieties highest in dry matter (over 20 per cent) 
should be fed to pigs and the ones lower in dry matter to cattle 
The value of fodder-beet as a food for fattening pigs on the Lehmann 
prstem has been shown by Braude and Mitchell (1949) and D union 
(1952) Between 5 and 6 lb of beet can replace 1 lb of pig meal and 
up to 3 cwt of meal can be saved per pig The best results are obtained 
with a beet of high dry matter but since it is primarily a carbohydrate 
ood, ow in protein, minerals and vitamins the ration must be 
adequately supplemented in these respects Labour costs are higher 
than with an all-meal ration, but when the saving of meal is vital, this 
crop may be extremely useful The folding of dry sows on fodder- 
beet with the aid of an electric fence can save much labour if soil con- 
muons permit The supplementary feeding of 2 5 lb per day of pig 
15 ^ >Cr CCnt °^h meal is suggested by Bolton (i95-0* 
there 1 '1° 0rn l a ^ on tlus relatively new technique is lacking and 
here is httlc available mformat.on on suitable amounts for breeding 


stock. 


ml ) 1 h',' 1 '. f0 ° 4 ■>“ »ruch to recommend it (Castle. 

1953) It is cxtremelv , -i. _r n ,, , ' ...j 


Successful! ” ttan ' ly P^hteblr to cattle of all ages and has been used 
Wotlm “ I apPCt I .' ZCr , for cow, In Lie-feeding tnals m 
countt) the value of each drj -matter unit of fodder-beet was found 
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to be sbghtly better than that of mangolds (Bafley, 

1953), but for all practical purposes they may be “n^ered^equaf 
If, therefore, fodder-beet is substituted for mango re l at ; ve dry- 

the rations of cattle, it must be done on the asis 10 -n 

matter contents of the two roots. A normal ration of beet foraio-ii 
cwt. dairy cow is 25-30 lb. per day although typical Damsh muommy 

include up to 90 lb. per day (Young, I95 2 )- s B .rommended. 
can easily lead to unbalanced rations and is not to e r of the 

Boyle (1952) states that where beet composes a hig pr P , - 

ration of dairy cows there may be a slight lowering °f *e bu tterfat 
content of thT milk. At reasonable levels of feeding, ho'vever and 
where the ration is properly balanced for protein, minerals and vita 

Dodsworth (1955). Steers eating 40-70 lb. of fodder-beet a jiay 

the fact that the steers on the ration of fodder-beet ate more dry matter 
per day than the animals on the ration of swedes. , ,0 in 

A number of reports of digestive disturbances and 
cattle as a result of feeding fodder-beet have been ported (Wo'den, 
Bunyan and Pickup, 1954', Penny. W)- Bcct P . j a ] oosc 
generally termed in Denmark, is sporadic in ornate stive 

term which describes a number of varying typ c * excessive 

metabolic upsets in cattle. Occasionally it may e u < 0 th 

consumption of adherent soil and tliis emphasizes t ' c m P j 

of growing a variety of beet with a low dirt tare, and 
toots. Digestive disorders have also resulted w lcn van . j. 

dry-matter strains have been fed before a long enough period ot 
maturation lias elapsed after harvest time. 

Varieties of high dry-matter content can usually be fcdimin y 
after harvesting, but even then care should be exceed ma mdd 
season when growth continues up to the time of pu 6 , . _ 

of non-protcin nitrogen to total nitrogen is lug est m i 

matter varieties (Table 5.5.) and «l,is may be f-reasonfo he longer 
reriod of maturation between harvesting and feeding “ 

sary f„ r this group. Also, the lower the dry-matter contentofde root 
the higher is the total nitrogen content of the root dry maner. T e 
condition described by Worden er 0/ (1954) was a 
syndrome resembling milt fever and resulted from the consumption 

l<5j' 
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TABLE 5 5 Dry i tatter and protein contents of four types of roots— 195° ln ^ 
(Castle Poor and Rowland s 19526 ) 


Type 

Variety 

Dry matter 
content of 
root(° 0 ) 

Crude 
protein 
i content of 
| root dry 
matter (° 0 ) 

True 
protein 
content of 
root dry 
matter (° 0 ) 

True 
protein 
; 31 ° 0 
crude 
protein 

Mangold 

Mangold 

Yellow Globe 

10 6 

62 

3 <5 

5* 

(Bancs type) 

Danes Otofte 




6 ) 

Fodder 1 

Red Otofte 

19 0 


2 8 

64 

sugar beets J 

PajbjeTg Rex 

22 6 

4 3 

29 



of about 40 lb per bead of fodder-beet which had been suddenly 
introduced into the ration In practically every similar ease there has 
been a sudden change of diet involving the feeding of the beet There- 
fore even if the stock have been on a ration containing another type 
of root, fodder-beet should always be introduced slow ly into a ration 
over a period of at least ten days An account of sugar-beet poisoning 
m cows by O Connor (1951) » again characterized by the fact that the 
affected animals suddenly ate beet from a clamp aw aiting dispatch to 
the factory The mam symptom was difficulty in rising, and a severe 
reduction in milk yield 

Cases have been reported of sheep and cattle dying as a result of 
eating mangolds (Snyders 1945) and Scansbnck (1954) found an acid 
indigestion in sheep when a ration of 12 lb of mangolds per day was 
ma vertently increased to 15 lb This was attributed to an abnormal 
evet of lactic acid in the rumen which usually docs not accumulate in 
rge quantities Danish opinion is that the higher the dry-matter 
content of the root the more probable is the chance of a feeding dis- 
or er or t s reason varieties with a dry -matter content of 17- 1 ® 
percent are preferred for cattle feeding to those with higher values 
livestock i ° l k SUgar 7 beet and dodder-beet may provide food for 
Z F raCtlCC thc y var y considerably m nutritive value 

tJL- ° n P r °P 0rtl0n of leaf to crown the length of tune be- 
» 1 °PP U }S ^d feeding and contamination by sod Sugar-beet 

the foS L 1UVC a P ° m0 V f Crown attached to the leaves whereas 

higher than r °f V C ^ I ^ attcr ob tbe f°dder-beet tops is usually 
tagher than that of the sugar-beet tops Crude pro.ern contents of up 
5 per cent have been recorded m fodder-beet tops from a crop 
I64 
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which has had a heavy top-dressing of' nitrogmous fertiter (Castle^ 
Foot and Rowlands, ipju). Contamination of the top with soil can 
seriously lower their digestibility (Steensberg and Wither, Wty 
whilst in certain circumstances, the contannnation may cach uA ^gh 
proportions as to cause the death of sheep (Rayns, 1945). Depended £ 
therefore, on the above factors, the tops can be equal on aweightfo 
weight basis, to either kale or swedes. Unwilted suga -beet top 
contain approximately X per cent oxalic acid and are thus a laxative 

food when fed to hvestock. If wilted, the concentration of oxic acid 

is reduced, but a further safeguard before feedmg is to a • P 

tated chalk per ton of tops. This combines to form insoluble oxalates 
which are harmless to stock and therefore scouring is re uce . 
man and Bee (1927) suggest that the oxahe aci may r< j n . other 
the calcium in the tops tmavadable but some of the cdcium in other 
foods which may be fed with the tops. Thus the feedmg of 
although not in Less, may he doubly valuable particularly for preg 
nant milking animals. A severe scouring m cattle occurs regularly 
every season in Germany in the sugar-producing « 11 , p i 

cattle are almost entirely maintained on a diet o cc P , ’ 
1950). The oxalic acid theory is rejected by Plaas, wh t gg 
the excess of lactic-acid-forming bactcna on t e eavc 
upsets the balance of the flora in the digestive tract and excess 
acid is produced which irritates the intestinal wa , 

The feeding of untopped fodder-beet to cattle m the autmim has 
occasionally been tried in this country, but even rom , 

information available, thenced for great caution is apparent. r T"°“ g * 
the proportion of tops to total plant is about one to our 
dry-matter basis the tops arc not usually wilted and 

Beet tops may impart a fishy taint to milk due to ic P 
betaine which gives rise to either trimcthylaminc or 1 s ' , ‘ 

They should, therefore, be fed with carc-prefcrably out of doors 

after the morning milking. , , , . j . 

Mangolds are the member of the family with the lowest dr) -matter 
content having values ranging from 9 to 15 percent. Thcyina) be fed 
to all classes of stock and provide a valuable source of carbohydrates. 
'When harvested in autumn 40-70 per cent of the total nitrogen in ic 
crop is in the form of non-protein nitrogen. A high proportion o 
nitrate is present and since tins would cause scouring among livestock, 
the crop is normally stored for several months prior to feeding to allou 
most of the nitrate to be reduced to less toxic compounds. Mangolds 
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are normally fed after Christmas A severe outbreak of mangold 
poisoning in pigs involving two hundred deaths was reported by 
Robinson (1942) in New Zealand Freshly pulled mangolds had been 
cooked with the result that the nitrate had been converted into nitrite, 
and when fed, had toxic effects Turnips, swedes and sugar beet have 
all been involved m similar cases and it is wise not to feed pigs these 
boiled roots or the water m which they have been boiled 
A daily allowance of about 40 lb of mangolds is suitable for inclu- 
sion in the ration of a 10-n cwt cow, and unlike many of the root 
crops previously discussed they will not produce any taint in the milk. 

As indicated m Table 5 3, mangolds are a relatively expensive source 
of carbohydrate and are thus not now fed in the exceedingly large 
amounts which were used in the past Sheep are never folded on 
mangolds since before the roots would be ready for use they would 
almost certainly be damaged by the cold weather Mangolds from a 
clamp are, however, commonly fed to sheep running on pasture and 
in spring they are useful as a source of carbohy drate to balance the 
high-protem grass Pigs will eat mangolds greedily, but, owing to 
dieir low dry matter and bulky nature, mangolds are not as useful as 
fodder-beet or potatoes in fattening rations for pigs This is shown 
m Table 5 6 which summarizes a trial in which two similar groups of 


TABLE 5 6 Average Uve-weight gam and food consumption per pig (Braude and 
Mitchell, 1949) 


Ration 

Initial 

weight 

Ob) 

Wt after 
119 days 

Ob) 

"Weight 

gam 

Ob) 

Daily 
wt gam 

Ob) 

Food Ob ) con- 
sumed/lb of 
hve-weigbt gam 

Meal+ mangolds 
Meal+ fodder- 
beet 

587 

S83 

169 2 ! 

2097 

110 5 

’Si 3 

093 

1 27 

Meal Roots 

2 69 16 2 

I 97 9 ° 


W h Bh-prot C m meal ration of a 5 »> 
(q I CW A C 1111011 °^ one group W as supplemented with mangolds 

ImS) ^ m ” tCr) “ d thc °*'r fodder-beet (21 3 per cent 

beet eroumw 1 ^ e ® ae ncy of food conversion of the fodder- 
s' 1 ’ r to those of the mangold group as the 

bully nature of the mangolds lmuted the intake of nutneSs 
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Mangolds contain oxalic acid which is normally ratdcrcd insolablc. 
and therefore harmless, when the mangolds are matunng m the cl p. 
Under certain conditions, not as yet clearly defined, insoluble cJcmm 
oxalate is thought to be deposited in the urethra and bladder and 
urinary calculi develop in the male lambs ruad bullocks. 

Gamer (1953) consider that this arises when the mangolds have been 
grown on chalk soil although Forsyth (1954) mcnm.nates roots from 
lime-deficient sods. The experimental evidence is also conflicting. 
Wethers (male castrated sheep) fed potassium oxalate at the rate of I gm. 
per 6 lb. live weight for 6 months remained Tweedy healthy (Ano . 
Report of Dept. Agric. Queensland, 1951) whilst a dally dose of 30 gm 
oxalic acid to a young calf produced signs of dnturbance in the 
urinary tract on the fortieth day after dosing began (Thomas and Pne 
m2) A new concept of the aetiology of this condition as , a resuR of 
ultra-microscopic studies of urine by Puntnano (1954) 
the colloid and crystalloid balance in the urine may e u 
both mineral and fluid intake. The trouble is not very^ wide- 
spread but, where male animals are being fed mangolds, the am loun 
should be kept in moderation and the sprouts must always he 
removed. 


CARROTS AND PARSNIPS 

These two crops are rarely grow for stock feeding. If 
prices are low and there is an excess of the crop, some may be available 

for feeding to animals. c . 

Carrots (Dauais caret*) have a dry-matter content of about 13 per 
cent, and a higher feeding value than most varieties of mangolds imd 
swedes. They ate relished by horses of all ages and may also be fed 
with safety to cattle, sheep and pigs. They have a high carotene c0 "' 
tent, and, when fed to dairy cattle, will improve the colour of the mrik 
in winter rime. White varieties of carrots which arc very occasion. } 
grown have a feeding value lower than that of the re tyP c ' 



and 

Channel Islands (Moore, 1943). Pigs and poultry win a*su >=“ ““-‘“l 
Parsnips should not be confused with the tuberous roots of Water 
Dropwott (Onianthc cmata L.) which arc extremely toxic to livestock. 

both carrots and parsnips should replace swedes or other roots m 
rations on a basis of equal weight of dry matter. The tops of both 
carrots and parsnips can be fed to livestock with safety. 
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POTATOES 

Potatoes (Solarium tuberosum) arc a further crop which m this country 
is mainly grown for human consumption, and only surplus, undersize, 
or diseased tubers arc used for livestock feeding Such surplus 
potatoes are best utilized by pigs and poultry For pigs under inten- 
sive fattening conditions the potatoes arc best cooked before being fed 
(Braude and Mitchell 1951) and 4 7 lb of potatoes will replace I lb of 
pig meal Under extensive conditions of pig feeding where time, 
labour and running costs arc not of primary importance, raw potatoes 
can be fed satisfactorily In both eases, however, 2-3 lb of a w ell- 
balanced meal should be fed daily in addition Raw potatoes must be 
fed to cattle with cauUon The) should be dean, preferably sliced to 
guard against choking, and slowly introduced into the ration. Cattle 
‘blow* quite easily when fed raw potatoes and 20 lb per day is a safe 
maximum They may also induce excess salivation which in the 
cowshed fouls the troughs and causes an unpleasant odour In some 
recent Dutch work (Dammers, 1954) the feeding of steamed potatoes 
to dairy cattle decreased the butterfat content of the milk by o 08-0 20 
per cent whereas, in three out of four trials the feeding of raw potatoes 
increased it Sheep will eat 2-4 lb of raw tubers a day and old records 
provide abundant evidence of the use of potatoes for this species 
(Robinson, 1949) Potatoes, fodder-beet and crushed oats have been 
fed to in-lamb ewes on grass during the last few w ccks pnor to lambing 
as a precaution against pregnancy toxaemia 
Raw potatoes have a laxative effect and raw diseased tubers are 
likely to produce digestive upsets and should never be fed. When 
tuI ? 8 rccn °n exposure to sunlight, solamne, a poisonous 
. . 1S *° rmc< b Green sprouts may contain up to 5 per cent of 

this alkaloid and, because of their danger to livestock, they should 
ways be removed before feeding the potatoes Green tubers can be 
endered safe by stonng m total darkness for two weeks or more until 
rhoulTbTb^T 1954) Alternatively they 

Poi b r,\ b I' 4 !.”' 11 ’, hC V * r before feeding 

its rrmt t 3 ° W f ced mg value and is dangerous because of 

occasional, 0 S ° nmC *** USC as a ^ ce( hng stuff is virtually ml, but 
into silap^T U ^ r° r t t0 wdtm S 30 d ensiled Even when made 
rations (Dykst^^ mtroducin 8 &>° d into animals* 

production of t0K arc 2 row11 f° r commercial manufacture, eg the 
P n of starch, the potato residue is a usefhl food-stuff for cattle 
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The residue stores well in airtight silos and in HoUand ^ 
day are commonly fed as a source of supplementary 
mdhing cows on high-quality grass. The dry-matter "™es 
about 16 per cent and from 40 to 60 per cent of the dry matter st h 
Potatoes can be successfully ensded beween layers og®J* 
green crops in a sdo. The heat from the fermenting silage cook 
the potatoes, and a mixture of one part of potatoes and three of gree 
crop has proved to be suitable. 

forage crops 

the marrow-stem type, either sown alone or w If well 

crop, is without doubt the most popular at t e pres jljousand- 

cultivated and properly fertilized, both marrow-stem and l thousand^ 

head can produce ltigh yields of nutrients ( a c 5 - ) fodders 

compare very favourably with other alternative winter fodders 

^Although the feeding value of kale is rightly regarded as bemg hi|h 
it is subject to wide fluctuations due to factors such as ^°n Pjopom 
of leaf to stem and fertilizer treatment. Tins “/ ‘^“aild 
balancing rations if the maximum use is to e , much 

the stock are to be fed correctly. The leaf ofbde has waysa much 

higher protein content than the stem (Ta c 5*7) an Greatly 

the leaf-to-stem ratio due to leaf fall in the winter months can greatly 

alter the feeding value of the crop. 

TAUIX 5.7. Crude pro, ri„ —«(%) *? ’"TST """ 

Toot, Hosking and Rowlands, 1957) 

( 4 -year average) 



Marrow-stem j 

Leaf Stem | 

Thousand-head 
Leaf Stem 

No added nitrogen 



19*9 

11*0 

Plus i» cwt/acre julflute of 
ammonia 

Bi 


zyz 

13*5 
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The effect of the top dressing of nitrogenous fertilizer can als° e 
observed from Table 5 7 Because of its leafy nature kale is a particu- 
larly valuable source of carotene for livestock m the winter months and 
helps to maintain the colour and vitamm-A potency of the milk- As 
with the protem the carotene content of kale is also subject to a wide 
variation In Sweden, Rmmae (1950) analysed samples of kale at 
weekly intervals and noted a decrease from 105 to 60 mg of carotene 
per kg from the beginning to the end of the season He suggested 
that this may be attributable to decreasing temperature, especially to 
night frosts The vitamin-C content of kale is also high, although 
swedes are supenor in this constituent Kale is nch in minerals 
(Table 5 8) and, compared with some of the traditional roots which it 


TABLE 5 8 Mineral eo pos i on (%) of kales swedes and ma igolds (Woodman 
1948 ) 


1 

1 

Lime 

(CaO) 

Pbosphonc 

acid 

(p*o.) 

Ratio 

CaO 

P t O s 

Potash 

(K*C>) 

Chlorine 

<cu 

Marrow-stem kale 
Thousand-head kale 
Swedes 

Mangolds 

19 

17 

07 

09 

0 43 
039 

0 08 

0 02 

O 12 

O 13 

OOS 

009 

H 

i 

m 


has replaced in rations has a very high calcium content This charac- 
teristic would seem particularly important if such home-grown forages 
“ do ' cr and lucerne are also incorporated m the ration since these are 
ao gh in calcium and would accentuate any mineral imbalance 
e provision of fresh green kale for as many months as possible in 
Winter could do much to improve the low plane of nutrition especially 
m^protein which may result in anoestrus m heifers and even in adult 

kJsT ^ some go'trogcmc factor has been reported 

1 , 52 ' Attention w as first drawn to this on a farm m which 

winter m” 1 u g [ mCnt ^ neonatal deaths occurred m lambs after a 
fmrTs? !' t PfCgnant been fed almost exclusively on kale 

another T t0 J anu2r > An attempt to reproduce this disorder 
coitroecns^Y« m0it kilcd and indicates that the activity of 

to season. Y VMy not °”V Prom arca to area but also from season 
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It has been reported that the feeding of kale may result in a type of 
poisoning which is characterized by haemoglobmuria 
cattle (Gregor 1952), and a haemolytic anaemia with jaundice in sheep 
S,n mfstewJ; x 9SJ ). With the cattle this condition ^occurred 
suddenly, and in one herd eleven out of twelve 

Although they appeared to be very ill, were extremely dull and lacked 
appetite, they recovered in 3-5 days once the kale feeding ^stopped. 
Rosenberge7(i943, 195°) has described a similar condition ’"Germany 
termed kl anaemia, which may even cause death and which results 
from the consumption of large amounts of ka e, 90 " 1 *° • P ’ cows 

prolonged period. The highest producing and the pregnant 
were cHefly affected and haemoglobinttria was frequently the fust ami 
most striking symptom. It was suggested that a weight of 33 lb. * 
kale per day should not be exceeded if the kale is to be &d for long 
periods. It is thought that outbreaks are commoner during penods_of 
wet inclement weather than in dry weather ( ^gor, 9 )■ . 

son and Sutherland (1954). describing outbreaks of 
haemoglobinuria in dairy herds, found that the condmon 
mainly” in areas where cattle were known to be afTected with a phos^ 
pborus deficiency. The ingestion of a cruciferous plan . , nd 1 as 
turnips, precipitated the disease but the authors sugge - P 
phoris h a necessary predisposing factor Anacnu and 1 
globinuria in dairy cattle has been attributed by Angelo (W*) » « 
consumption of seeded wild cabbage (BrwsiaJ o era . cea ' \ 
this case the causative factor was thought to be in the * d. The 
feeding of frosted kale can cause a similar condition ( Ev “’' 95 J' 
Generally cattle may safely consume kale which has frost on * e ’ C3V “ 
(frozen Me) without ill effect, but they should not be fed Me wluc 1 
las been substantially damaged by frost (frosted kale) F™*?- 9 ® 
Because of the loss ofkale leaf due to frosts, the feeding ^ 

declines and it is generally considered safer and 

die bulk of the marrow-stem and thousand-head kale : e* cn beforn .be 
severe frosts begin. Certain strains of thousand-head kale are winter 
hardy, but tile danger from frosted kale cou d st arise. 

A typical ration which would supply nutrient, rf™t or lx 
maintenance of a .0-1 1 cwt. cow and the produemon of I -5 gallons of 
milk per day is: .7 lb. of hay plus 50 lb. kale. Kale is a particularly 
usefuf complement to straw and poor hay. and stall supply the protein 
minerals and vitamins svl.icl. the coarse fodders lack, and hence 
improve the value of a mixed ration. 



Animal Health, Production and Pasture 


The practice of folding cattle on kale has increased rapidly in the 
last few years since the development of light-weight portable electric 
fence equipment (Castle and Foot, 1949) By the use of this type o 
equipment the cost of feeding kale has been reduced as cuttmg and 
carting are eliminated In general the method has much to recom- 
mend it, and by daily strip-folding, the herd’s intake can be rationed, 
although individual animals may eat considerably more than others 
Where possible, a minimum of three yards of frontage should be 
allowed for each cow to prevent congestion along the fold wire which 
can easily result in bullying, homing and waste of the crop It 1S 
advantageous to have stock without horns Folding is normally done 
after the morning milking, and within two hours after entering the 
fold the cattle will cease grazing and he down (Castle, Foot and Halley , 
1950) The cattle should, therefore, have access to an old ley or stubble 
on which to rest in comfort until the next milking If the animals are 
forced to stay on the kale stubble they will not only get dirty but may 
also damage their feet This is particularly prone to happen in frosty 
weather The damage may occasionally result in foul-of-the-foot 
infection, and on very flinty soils there have been reports of grazing 
has mg to be abandoned because of lameness and a consequently 
lowered milk yield. 


In a survey earned out m south-west England (Connold, 1952) 3 
quarter of the farmers stated that they had expenenced bloat when 
t eir cows were grazing kale, and m isolated herds this problem had 
ccn so serious that the practice had cither been abandoned or extreme 
measures, such as the Wring of the kale before feeding, had been 
adoptci A mote detaded study of this survey (Connold, 1951) 
revealed no positive relationship between the incidence of bloat and 
such factors as the use of vanous quantities of nitrogen on the crop, 
variety of fcde, rainfall ot sod type Where the grazing of the kale 
sas eontro e by time rather than by limiting the area, four out of 
to affected herds w etc onlj grazing for one hour ot less The feeding 
tsf SS*r* W ‘ V 0tll ,' r tou s'“ea Wore grazing kale and the keeping 
t s oct from frosted crop, 1, ro be recommended Although kale « 

.S jf. 7 ° i ’’ i “ ry QKlc d ™ k regularly when folded,' and it is 
advisable to have water available 

tot’r find for aU classes of stock and may be fed safe!) 

mmoTi , 1 "”1 Pou ^ tr y vnll eat both the kale leaf and the 

aZr., h,t : ' ,tC,nS ,f 'e hcy ’P 11 ' It should not be fed in large 
. as a source of minerals, vitamins and, to 3 lesser extent. 
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Msowtee arJgJw dLnyl £: fresh gn*» to d ^ ne “^ 

aSTi a rsp e aten, this should he 

allowed for when weighing the ration of kale. 

Apart from the goitrogenic factor already ment.onei kal '^ately 
and widely used for sheep feeding. As a crop for fokhng « tas jhe 
advantage that its edible portions are well a ove g o’ffani 

therefore, remain dean, although many of the leaves are : puhed off ml 
trampled underfoot when foldmg takes place. The crop should not 
be allowed to become too coarse since the stems w J dearing 

utilization of the crop will be low. Store cattle are i useful mdearmg 

up such a crop. Fattening hoggs (year ng s^ eep) w hereas 

stem kale from October onwards will eat about 3 J , y 
a ewe with lambs will consume up to 20 • a y , „ | f e J 

in the early months of the year. Hay and concentrates should 

" Hung^gap kale and rape kale are hybrid plants 

hardiness and, although low yielding, are o v ue spring 

crops are finished. Hungry-gap, in particular, is of use ^mlam spnn| 

when all other kales arc finished. A crop 1 0 t ^ 21 . 2 pcr 

in the open winter of ,948-9 when leaf-fall was 0iv>d zl2 per 
cent crude protein in its dry matter (Watson and Smith, I9JI)- 
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TABLE 5 9 Tf>« nutritive value of certain brasstca crops 



Dry-matter 

content 

(%) 

Digestible 

crude 

protein (%) 

Protein 

equivalent 

(%> 

Starch 

equivalent 

(%) 

MarTOw-stem kale* 




98 

Thousand-head kale* 

148 

1 S 


8 8 

Cabbage drumheadf 

IX 0 

I 1 


66 

Cabbage ox-bear 

*5 3 

1 8 


9 5 

Rapet 

14 I 

2 0 

1 7 

69 


* Anon l Cl Bul/rtm l\o j 1955 •% Woodman 1948 


therefore, result in a ration which satisfied the animal’s appetite hut 
not its nutritional requirements When the dry-matter content of 
cabbage is similar to that of kale, the starch and protein equivalents 
are also similar (Table 5 9) and the two crops can be used in much the 
same way Between 50 and 60 lb a day arc commonly fed to dairy 
rattle and up to 20 lb a day to sheep which arc being ‘flushed’ or 
fattened. Cabbage have been grown recently as a ‘tracker’ crop 
between rows of kale to allow a clear rim without earths for an 
electric wire The method, however, cannot be recommended, since 
the exact position of the electric wire cannot be forecast with accuracy, 
and the overall yield of crop is generally lowered 
One drawback of cabbage is the nsk of a taint in the milk if large 
quantities of the crop are fed to milking animals, and therefore it is 
advisable to feed it immediately after milking and preferably m the 
open air Pigs horses and poultry can all be fed cabbage with safety 
but because of its bulky nature its value is as a source of minerals and 
vitamins rather than as a source of carbohydrate or protem 

S uccS s (w a r„“;' 9 ”) timc5 of 8,ut - “■ 3,50 bc fed w stock w,th 


mtZi TablC 3 ’• thc acrej S c of n P= “f >“) h3S 

” ““ j For example tn Wales the acreage 

This is due tea 0r ^ t«wecn 1939 and 1930 (Evans, 1952) 
as a nurse cm r, W *PP reaatl °n of its feeding value, its importance 

Pioneer cron n that it is extremely useful as a 

the only cron that ^ (Ellison, 1943) It is practically 

y op that can be grown on marginal land which will fatten 
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lambs and, because of this, has great economic significance on ^ this t> p 
of land. Rape is ready for grazing with either sheep orcattk about 
three months after sowing and, as with other q^-growmg erops 
has a tendency to be laxative. Its composition (Table 5 - 9 ) « ™ * 
to that of kale but has a narroaver ratio of star, :h , equivalent to protem 
equivalent. It is especially valuable for | flushing eaves as it is generally 
at an ideal stage of growth at mating time. 

An acre of good rape avdl fatten 10-16 cast ewes, avethers or Black 
faced lambs (Martin, 1955) and, to make the maximum use of the crop 
younger rape should be fed to the lambs and the older and strong 
rape m the eaves. Sheep taken from hill grazing should be given a 
short time on grass to prepare them for the change e ore pu g 
on such a high-quality food as rape. As rape is very hab e to ttunt 
milk, excessive quantities should not be fed and it is preferable to graze 
it as long before milking as possible. 

Various disorders of livestock occur sporadically avhen feeding p . 
Cote (1944) has recorded four main types. 

(1) A respiratory form, clinically very similar to fog fever. 

(2) A digestive type with marked constipation, absence of ruminal 
movements and dullness. 

(3) A urinary type characterized by haemoglobmuna. 

(4) A nervous type with blindness. 
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syndromes observed included bloat, photosensitization and conical 
opacity. These troubles with rape arc, however, rare and the advan- 
tages of this crop heavily outweigh the risks involved. 


MUSTARD 

Two species of mustard ( Brassica sp.) arc commonly grown. "White 
mustard as a forage crop for folding, and black or brown mustard for 
the production of seed for use as a condiment. The white mustard is 
useful as a rapidly growing catch crop and is often used for ‘flushing 
ewes at tupping time. The crop is commonly sown after early 
potatoes or on com stubbles and should be grazed within six or eight 
weeks before it becomes rank and stemmy. 1 1 is also sown as a pioneer 
crop on poor hill land where it may be grazed with sheep. It 1S 
susceptible to frost and should, therefore, be used by early autumn. 
It is a safe food under the vast majority of conditions although Forsyth 
{i 954 ) reported an isolated ease of poisoning in a flock of lambs which 
he attributed to this crop. In this instance the mustard had been left 
ungrazed longer than usual and the pods had formed. At this stage, 
mustard oil may be formed in the seeds and the crop is also unsuitable 
for milking cows because of the danger of a taint in the milk. The 
mustard oil is a glucosidc possessing a very pungent smell and taste. 
Black mustard is much more dangerous than white and there arc 
records of poisoning among cattle, pigs and poultry which have eaten 
ood contaminated with it. The symptoms are those of an irritant 
poison with intense colic, restlessness and ultimate collapse. 

Tlie bkek mustard is not grazed but cut and harvested like a cereal. 
The chaff may be used for feeding (Moore, 1943) but the straw is of no 
value. Shed seed from this crop may foul the land and should be 
allowed to germinate before being killed by ploughing. 

MAIZE 


nf T'? ^ aS ^ CCn 'videly grown in the south and cas 

matlSv d v jT V s r m ' r for3 5 ' cro P- hi other areas the yield o 
latlv S r.„,v' C r t l '. !10rtcc growing season since this crop is partial 
of 1 ” 77 T V? “ge. After “wing, ?he danger 

°Lon^ZZ b LT ,U WrdS “ VCt T ^ tut in a suitable groarin. 
This can h f A ~° tons pec acre of succulent material can be grown 
ItCd n f ‘° “T “ k" rummer when the production o 
froteta conTTr W * is .“P“-e to handle and the crud 

o the dry matter is rarely over 10 per cent. Excep 
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for portions of the fibrous stems it is a pitablc crop A^tiage aop 

5“ s s/rrX>*» - 

dry matter per acre from eastern Engla^, Too F t H wHch are 

protein was low. Varieties such as . . i • ow ; ne to 

grown for feeding green are not suitable for sdagemafcng g 
their late maturity and lack of cob formation Maize ts rarely,^ 
ever, fed to sheep, and in general it is not a suitable crop g 

into a system of intensive grassland and orage arming 

In Britain, the growing of lupins (Lupin,, sp.) is | 

entirely to the poor South Africa 

greater importance in New Zealand, we which will 

and parts of Eastern Europe. Lupins are a egumin i i ^ed ; n 
grow on a sandy acid land which they Clinch wta 
Many sandy districts on the Continent whic were p 
have been greatly improved in fertility by using these phmtsas^a green 
manure (Percival, 193s)- They can he iv> e” > n j] ow .fi owcre d 
hitter lupins, either blue flowers (L. impusltfo i ) y I 

(L. /iifens) and sweet lupins, generally yellow-flowered (L. Tlic 

bitter varieties are preferably grown as so,l rmprover smee here 
always some risk of poisoning if they are fed to '^todc. Mjp.te 
of this, bitter blue lupins have been folded with W 

the precaution of allowing the animals access 

at the same time and not allowing them on t he lupins = d they 
were very hungry. The sweet lupin is rcad.ly earen by aU classe 
of livestock, and lambs have been successfully fa to, d on i the 
green crop The danger lies in knowing whether a specific crop is 
of the sweet or bitter type, in order that the necessary precautions may 
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tte E cerll cops, wheat, oats, barley and rye are grown V f “g 
for the production of grain; only a small area ^ utilized for grazing 
purposes. Oats, or any other cheap availab e S ra “’ ^ w }, en 

a rate of about one bushel per acre with grass an -jj 

reseeding grassland directly. The cereals y wit]l 

provide grazing for the stock whilst the ley is estabhshng 
good conditioL of ley establishment and withmunutescont^ing 

is questionable. The spring grazing o n f o0 ^ 

is a useful method of providing an out-of-season bite of green food. 

The feeding value of the cereal at this 

pared with that of leafy spring grass. It P n P hruarv and 

spring grass, but at the time ^ has a stimXting 

much greater than that calculated from the extra .» 
nutrients and the crude analysis of the green crop. « ^ fa 

possible that the cereal may be oestrogenic. ye> P Str jy e y 
spring, was reported to be oestrogenic by Do an, should 

and Gyorgy (1951). The object when cereals are being grazed shorn 

be to allow the stock to cat a given area in a peri ^ , 

avoiding very hard grazing, and to take the annua 
mid-April. Failure to do this may reduce the potential • 

20-25 per cent. An application of 1-2 cwt. per acre of a nitrogenoiis 
fertilizer after the grazing will do much to reduce e tic0 0 f 

will make the grazing an economical proposition. [ e should 

cereal grazing is adopted it is important that t le n S similar 
be able to follow it with an early bite from grassland or some s.mil 
crop. If not, milk yields will suffer a set-back. , arc 

Special autumn-sown crops primarily for grazrng in «“» 2 S ud' 

based on rye, oats and vetches with or without ta an ry g • ^ 

mixtures will yield from 2'5 to 3-5 tons of high-pro a B j £• 

late March and April and a small area wall be extremely jcful for 
stimulating milk yields of both cows and ewes at a ^ 

when other forage crops are scarce. The cost of p 5 

relatively low-yielding special-purpose forage crop as 
entirely^ , lie dairy h^Wfiock and in many cases altcmat.ve methods 
of producing nutrients from a grass crop arc more c icien 
and vetch crop can be multi-purpose for grazing, ensiling, making 
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into hay or even harvesting as gram, depending on requirements at the 
time The sowing of a small acreage of winter r) c and vetches is an 
old practice and with early sowing and a dressing of nitrogen m the 
spnng, the crop will be ready for grazing much earlier than was usual 
m the past 

In Great Britain the grazing of cereals is without any danger to the 
health of the animals but in New Zealand, particularly in South Island, 
lameness and associated unthnftincss m young sheep grazing green 
fodder crops has been known for a long time (Ewer, 1949) This 
condition only occurs m some winters and is a form of rickets 
Occasionally sheep grazing turnips or kale may show evidence of it 
but it is on Italian ryegrass or green cereals that the incidence is highest 
There is a pronounced hypophosphataemia and it appears that there is 
some specific principle in green cereals which interferes with phos- 
phorus metabolism in growing sheep Grant (195 j) has produced 
evidence that the rachitogcmc factor is, m fact, vitamin A and tliat an) 
of the plant carotenoid precursors could produce a rachitogcmc effect 
rhe relative freedom from rickets of Iambs wintered on mature foods 
and permanent pasture is probably accounted for by the fact that these 
foods contain a considerable proportion of dead leaves These, m 
contrast with the green material, have a relatively high vitamm-D 
content and a correspondingly low carotenoid content Vitamin V t 
given orally was found to be completely effective m preventing or 
rapidly curing the condition 

The grating of cereals by milking cattle has resulted m serious depres- 
sions of the butterfat content of milk m parts of New South Wales 
which on certain farms was of major economic importance (McCly- 
mont 1950) This was shown to be due to a lack of roughage in the 

et of the animals and could be remedied bv the of a fibrous 


r”, „ Md could be remedied by the feeding of a fibrous 

... n ,, r conditions m this country it is very unlikely that grazed 


C0Mnb “' C * Ur 8' P“t °f the tLdym^kTof nutnentrfor 

Swj w"/ rCS " , , t0fAustn ‘ , '“ experience, such a diet should 


the Southern r V ^ 1 ? at P asture poisoning occurs m parts of 


and sunm. “ temporary pasture crop in the autumn, winter 

Th ( = 2 “ d Costello, 1948 .Crookshank and Suns, 

amnulspimetpahyaffMedlTettr 6 Pen0tlS ° f 1 “ h S™"* “^l 

The svmnromr * 3 f f rc E nant cows or cows sucklmg calves 

symptoms are very srmdar to rhose of grass rerany, 3f treat- 



Forage Crops 

mcnt is delayed, there Is little 

after the animals have been on the w e haee before and dur- 

arc indications that cattle given access to ry g S 
ing the grazing period are the least aftecte 

and the aim is for the Uvestock to harvest their DO sfible For 

example, forage crops such as kale an P , . r ence Maxi- 

possible and then grazed in situ by means of the dedocface Ma* 

mum use is made of the land by catch^roppmg, cultivano^costs s ^ 

kept to a minimum, and the electric fence p ay :f -well fertilized 
the rationing of the crops. In genera • oras ' ; , y en 3 high 

-V-* sw f ‘.a; 

stock-carrymg capacity can be ma ®“ , whic h dairy cows were 

sity of Leeds had a thirty-acre small-holding on w rnen y 

maintained on arable crops both — md^tha 
One cow was carried on just over one-ai d-a-hal if acn es ot .an ^ ^ ^ 

proportion of cake fed to the high-yie S co% ' , t rime 

system may not be economically practicable «* *« * Sesof 
because of the high cost of labour it does into* 1 
forage cropping With improved methods of grazmg the crops 
situ, the method has intcrestine possibilities. 
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for grazing kale or other forage crops m situ when grass is not available. 
Forage farming, if skilfully integrated into a broader system of grass- 
land husbandry can help to reduce overall costs m the provision of 
nutrients at difficult times of the year. It can rarely offer an economic 
system of complete self-sufficiency on the small farm 
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CHATTER SIX 


The Nutritional Value of Conserved Products 

S. J. WATSON 

Introduction — Artificial drying — Natural drying Ensilage. 


The products of conservation of forage cr0 P*‘“!‘j processes” 6 The first 
in its widest sense, are the results of two m P , at ca ll c( l 

involves desiccation and may be rapid as ^ f ^ op to give 

ty The second proces ^ content . 

oiled fermentation of a crop ot relative y b . f 

The plant, more particularly if it is young ^d. leafy, ts m a sta« ^ 

ctive metabolism and after it is cut there “ 
mtil such time as the cells of the plant ^uaUy_ die .Most 0^^ 
nformation that is available on these changes is 
groups into svhich the agricultural chemist “ 

stituents of the crops, namely moisture crude pom «“ raCt ' 
nude fibre, nitrogen-free extractives and ash or m . t ] ut 

Modem work, using techniques such as paper < ® & within 
have so greatly extended our knowledge o t c [ ’ 

these general groups, is adding considerably to out 
fate of the individual substances found m the p an . p ^ 

biological processes continue slple 

changes arc so rapid that is is very difficult in it is cut 

that is truly rcprLntativc of the crop at the exact mom*' »* “ “£ 
Tim whole subject has been reviewed by Watson 
certain that, if a true sample is to be obtamed speaal «p.d^nncn^ 
essential for the inactivation of all biological processes (Laidlaw 
Wylam, 1952). 
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The most obvious change that happens after cutting is the loss of 
moisture, a physical process of variable length, during which it must be 
realized that many chemical changes will also take place. GrccnhiU 
(i933). for example, showed that during the drying of samples ot 
herhnwp itl diallnw tnvi in 1 (irvitm rnnm nivntimr at ACi° C. there 


herbage in shallow trays in a drying room operating at 40° - 
might be a loss of as much as 20 per cent of the original dry matter in 
48 hours. 

At a much later date Ekclund (1949) found losses of dry matter dur- 
ing drying of the order of 8 per cent with clear evidence of the break- 
down of the constituents of the carbohydrate fraction of the crop. He 
also found evidence of reverse changes with the build-up of simple 
sugars to more complex forms. Maepherson (1952) at Edinburgh 
has obtained evidence of the rapid breakdown of the protein fraction 
of grass shortly after cutting. The breakdown is very rapid in the 
presence of sufficient moisture and the extent, as might be expected, b 
related to the speed of desiccation of the herbage. An equilibrium 
seems to be established when a dry-matter content of between 40 and 
50 per cent has been reached. These changes may be ascribed to 
enzymic action since in the early stages the bacteria on the herbage do 
not seem to be operative. Wylam (1953) in the same laboratory has 
shown evidence of considerable enzymic breakdown of the sucrose and 
imetosan in grass to simpler compounds during wilting. The nature 
o t c changes that take place most obviously depends upon the actual 
chemical compounds present at different stages in the development of 
the crop. These will vary with many factors as has already been seen 
in earlier chapters. 

The most obvious physiological process continuing in the cut forage 
is respiration and there ate always losses of dry matter associated with 
• Wiegner (1925) p ut the figure at a varying level with a maximum 
n m° Un , 10 F CT ccnt ’ hut does not differentiate between respiration 

proper and other biological processes 

ft shodd he teaW that during the early stages photosynthesis may 
^aT* “ ^ in bright sunlight 

a m , a ‘^'.‘natter gain. Fleischmann (1912) has 
(Nash urlngt ^ c earliest stages of drying and other workers 

Wurilv ,? 1 r= con 5™' i ^ n»e gains, however, are 

feirf , ty *' lo ““ a “' *° rlpirarion and other 
Pt °e“l SCS “ the cut hetbage lose, the capacity for 
°, f ' h,: of *e cdls. It is thus evident 

that there must be some loss of vdue in the crop after cutting and this 
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will vary with the speed of the drying process. B°sch 

put the loss of dry matter ^ will have to be coo- 
per cent for each 24 hours. This is a ma ^ 

sidered more fully later when d "!ft ^^00 p^. 
field as a preliminary to one or other ^ 

The need for such a reduction in moisture content : may 
artificial drying. The main economic problem is the cost of evapom 
ing water, so that it is advisable to reduce the mois u matter 

lowest level compatible with retaining aS V, the sma U loss 

without breakdown or loss as is possible. g 6 n bvious that 

of dry matter that may take place during field wdtmglt i oh vious hat 
theprocess will cheapen costs and is freciuentlyadopted^o?^^” 

grass dryers. If, for example, a sample ong.nally containmg f 80 per 

cent of moisture is allowed to wilt to 60 per cen , ^ t h e 

would have to be evaporated to produce 20 lb. 

fresh crop, whereas in the wilted crop ‘r j m ° att Ir wdl be doubled 
evaporate 60 lb. of water and the output of dry 
since the wilted herbage contains 40 P= r cent. w hich 

Most conservation processes commence with 
the crop lies undisturbed in the field and changes in before 

position may be much greater than is generally .magmei bu t beta* 
the exact chLigcs and their magnitude can be measured a great deal 
work still remains to be done. 

ARTIFICIAL DRYING , , , riM - n 

The changes that occur during the act. ml process of Wati^ 
must be separated from those taking place in e nu mbcr of 

already hem discussed. This is necessary 

drying plants as a matter of commer ^ p ractice ^ ^ ; s not 

before it is brought to the actual dryer. ? , tc not 50 

allowed to wilt for a very long period so that the chang 
marked as in the case of natural drying to he considered lat-mUm 
chapter when dealing with hay. There are -tween tlicm 

dryer in common use and the chief difference ia -phis j n 

h the length of rime involved in the removal oCmovam^™* 
turn Will depend upon the actual temperature of th dry g S 
heated air, and this may range from as low a value “*? £ ” 
much as 600° C. and over, tiie actual speed of drying arying f 
minutes or so to as many seconds. « - 

Under conditions of proper management all liioc dr > e ” S’ 
lS7 
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product of similar value as is shown by the following table based on a 
large number of samples examined by the author (Watson, 1949) 
The digestibility of the crude protem fraction of the sample is taken as 
an index since this is the factor that is most easily affected The samples 
were not strictly comparable but all the values for the digestibility oi 

TABLE 6 1 Digestibility of crude protein of samples of grass dried at different 
temperatures (Watson, 1939) 




TABLE 6.2. The composition mid digestibility of fresh and artificially dried grass (Watson, i 949) 
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since it is a fraction that contains many substances other than the true fat 
The crude fibre, a fraction based on an empirical method of analysis, 
shows good agreement throughout both for amount present in the 
dry matter of the fresh and dried crop and for its digestibility 
The same is true of the crude protem though it will be noted that 
there is a tendency for a slight depression m its digestibility This, 
however, is small and its significance not great, though the trend is 
there The nitrogen-free extractives, like the other carbohydrates 
present m the crude fibre fraction, show good agreement throughout 
both as regards the amounts m the dry matter and their digestibility 
Together these two groups constitute the major part of the organic 
matter and also dry matter of the sample and this is reflected in the 
values for organic and dry matter which show little change in amount 
or in digestibility as a result of dehydration The most interesting 
figure is that for the so-called ‘true* protem — the complex of nitro- 
genous compounds that can be precipitated by copper salts , differentiat- 
ing these compounds from the simpler compounds present such as 
amides, ammonium compounds or the like There is evidence here 
of some change m the crude protem fraction, the amount of copper- 
precipitable nitrogen rising as a result of the dehydration process It « 
of interest to note, however, that the larger amount of this fraction 


frcTw-. th „ dncd P roduct 1S stdl « digestible as that found m the 


grass Honcamp using a vacuum dryer which would give ideal 
conditions does not seem to have obtained evidence of this denaturing 
ot the protem fraction, but no figures are available from his work to 
show whether or not there was any change m the digestibility of this 
C ° nStlt jT t , In tlus conncctlon Morris, Wnght and Fowler 
(19 6) determined the biological value of the protem in artificially dried 
* e fresh 6 rass and found that it was 
Ae d™ ^ dch y drat,on process It would seem, therefore, that 

its feeding ^l £ laCC m P rotem fraction does not affect 

mfcdm s ,- a l„„u c ,3 tMf3ra!attka ^ conccmcd 

° f l“ h 0r T ra! mat,CI m thc and the dried 

matter J tr * ^ SCCn ^ com parmg the values for organic 

mineral man C I CrCncc between these and 100 will represent the 
th^'nTw f P ' m,Uc ,0 S» any further that, this since 

ewL „ .l 7 ° f any change tn the form of the dtffctent 

cTwiTth, As a general statement .. 

mineral matter ' ^ dta ' 1 ° D doM not appear to have affected the 
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The fate of the vitamins is also of importance and it wiUhe expected 
that ascorbic acid (vitamin C) will be lost during 1 c S r . ■ » a 

readily destroyed by heat. Carotene as precursor ofwtami 
valuable constituent of green crops and is returned dnongrtfaU 
drying to a remarkable extent as will be seen when comnle^g the 
losses inherent in the process; it is during storage o t e ^ 

that the greatest losses of carotene take place as a resu t 0 nronerly 
It has been assumed so far that the drying process has beenproperly 

carried out and this is true of most commeroa T” 5 allowed 
adjusted that the heat is used to evaporate moisture an , p 

to raise the temperature of the final product unduly Thetoger^t 
loss of digestibility and also of carotene arises i t e n g 
removed as soonTs it is dried from the sphere of action of the hmdry^ 
ing gases. Normally the grass coming from a dryer 
touch but never ver^ hot. That some overheating may ^place is 
evident in certain types of dryer where portions o raramelized- 

their fresh green colour and have a brownish tinge an 

“in Experiment carried out by the author in tSSB at JealottT Hill, 

grass was exposed to hot air at three different temperature 

periods up to an hour and samples were taken at me j ^ oratory 

tion. The digestibility of the protein was measured m the laborato^ 
by in vitro methods and the carotene content o thoroughly 

examined. It took about five minutes to dry t le ma different 

and after this the figures represent the exposure o rie g Q p 

temperatures. The foUosving figures show that the g. ^ 

the protein and the carotene content both fell with length of exposu 

exposure of dried grass to hot air. In practice high owlet temper 
tutes of the air in a dryer may cause trouble. Hod S S ™ ^935)^ 
experiment with differing outlet tem P e *J tl ^ e * S ° % mar k c d j epres _ 
Only when the outgoing gases rose to 205 C. that any 
Sion of digestibility or large loss of carotene was noted. TteicML 
losses that arise during the dehydration process arc lmser th»m 
°dicr method of conservation, but the volume o . * 

great and it is too freely assumed that they arc neg S • , d 

in Louisiana found it impossible to make a proper 
suggests that there is always a mechanical loss p 

escaping with the cxltaust gases. A cursory 
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TABLE 63 The effect of exposure of dned %rost to hot air at three different tempi 
turet (Watson. 1948) 


Temperature 
“ C 

Time of cxpoiuxc 
min 

Digestibility of protein 

Carotene 

Mg per 1 ° 

gm 

160 

J™ 

82-9 

25 1 




4-7 

180 

/ 10 


16 8 


160 

278 

2*0 

200 

J * 0 


77 



9 9 

0 


commercial plant will show tins to he true and it makes the detemu- 
11a ion o actual losses due to dehydration difficult to measure unless 
ic arge vo umes of exhaust air can be passed through filters 
roLw C3r 7 cx P cn " 1 f lt « Jealott’s Hill (Watson. 1949) there was a 
wem nv. C ^ CCOV< i7 °/ mattcr m tv >° samples of dried grass that 

about ■>< 1 m 1 ^ thyer, removing the product while it still carried 
awav m 5T “? of mo,sturc and was thus not so likely to be carried 
reduced m » 4 1USt eascs a tlurd tcst where the moisture was 
practice the 1 QT r j PCr 05111 ' v ^ c ^ 1S morc comparable to commercial 
rcpliltiom^ 2f' iry r r WCrWaS 3 3 Percent In a further trial three 
individual comt^ °^ ry mattcr was 8 1 per cent and the losses of the 
cxtnrZt^ f^'r 3lso of ‘his order throughout The 
from 6 9 to ,2 =n ' X ' yClr with losses in dry matter varying 

m«to r ' • is42) sh °' v io j x f 

lucerne Swpd,*l, b , - 8 to 6 9 p cr cent, using grass and also 

crop,* 


only 1 per cent in th^rL °j 6i “V c mattcr °f 5 per cent m two cases and 
a rotary ? *"° * ‘nals the matenal, dried in 

were extremely^!, gh ‘‘ S ^"^' :i " dand of digestible proreffl 

equivalent were found to varyfVom T ^ ^ 5 ““ d 
drying to as much as 20 pTt ™ 7 

Koemger and Hammer hL) whc « the crop was overheated 
matter losses of the order of 8 T G " m “ y obtaln ' d figures for dry- 
«nt and if this last value .s.'^T T”^ > “ * 3 f! 

per cent Other data shmv d “ “ averaged just under I 5 

U Sh ° w varuuons very smular to the figures 
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,W,', i. nay bn ,,»«d h“Tf 

™«”™s .M ******£ £££ if « 

loss falling more or less equally on ^ product 

probably being of the nature of a mechanical loss. The dneap ^ ^ 

may similarly be assumed to have p m . m “ s i 10rt t l lc process is 

identical -with that of the original fres 1 P- digestibility 

almost entirely a matter of dehydration, composmonand igesub ty 
of the dry matter in the crop remainmg unchanged m g 

dryer under good management. , c01np l ete 

Turning to the vitamins, one won “F ^ n(Jt ood source s of 
loss of vitamin C and green crops in g vitamin-B 

vitaminD. Scheunert and SchiebUch (iw) 6 M* 
complex was unaffected durmg the drying pr content in 

b»'t~ W *> “ 

artificially dried grass as compared with held-ctri g 
was almost completely destroyed. ,1 m t, recovery 

Experiments at Jealott’s Hill (Watson, 1949) showed a high ry 

of carotene as may be seen in the fol owing ta 

TABLE 6.4. Carotene content of grassland herbage before and after dry 11 g ( 

1939) 




Date 

Carotene as mg. per 100 gm. of dry 
matter 

Fresh crass Artificially dned grass 

Percentage 

recovery 

29 - 10 1931 ' 
3.U.I93I 
H.XI.X93X 

4 2 -a 4 °' 4 

4«-4 4 47 -S 

56*2 47 5 

95*7 

90-7 

84*3 


There is a further loss that has to be taken 

e carotene in dried grass, because Txidadon. 

icre is a constant and progressive los , , , rcsu l t in rapid 

Conditions that allow of ready access of air and light wiu r 

cstruction of the carotenoid pigments. « 
ummarizc the position by saying at 1 f ° S p n j, cr Joss of 30-40 per 
iced not exceed 10 per cent but there am be a further 3 ^ 
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sample may be used as a visual guide to the degree of exposure to 
oxidation the sample has suffered and thus to the loss of carotene 
Another possible source ofloss that is often overlooked is the effect 
of the dehydration process on the energy value of the product and this 
calls for work on the measurement of the true net energy value of all 
grassland products In the calculation of the starch equivalent value 
of animal foodstuffs from the digestible nutrients a correction has to be 
made for the total crude fibre present and this has normally been based 
on the factors given by Kellner (1915) A succulent fodder with its low 

fibre content calls for a deduction of o 29 lb of starch equivalent for 
every unit per cent of crude fibre m the crop so long as it does not 
exceed 4 o per cent The deduction factor nses regularly to a value of 
o 58 lb of starch equivalent when the crude fibre content in the food is 
16 per cent or more Fresh grass containing 4 per cent of crude fibre 
may in a matter of seconds be transformed into dried grass with 18 per 
cent The deduction would be 0 29 lb starch equivalent in the fresh 
grass and the question anses as to whether or not it should remain at 
this level in the dried product or whether it should be increased to 0 58 
With 18 per cent of crude protem this means the difference between a 
reduction of 5 2 and 10 4 lb of starch equivalent or about 8 per cent of 
the total starch equivalent content of the sample If the higher deduc- 
tion is the correct one then artificial drying carries with it a further loss 
of 8 per cent of nutritive value In the absence of accurate information 
different workers have applied one or other of the possible deductions 
or have taken a midway course (Dykstra 1954) Woodman and 
Eden (1935) m calculating the feeding value of artificially dried lucerne 
meal have used the value o 29 but Crasemann (1954) has queried the 
use of the two extremes and found there was 16 per cent loss in net 
oiergy v ue and favours an intermediate correction factor Until 
detinue values have been determined it might be better to give the 

cblp^r thC bCneflt ° f thC d ° Ubt and tbs becn done m the P rcsent 


feC j mg V , aIu 1 C of ***& g ra ss and incidentally that of all con- 
P /° duct ! dcalt with in this chapter vanes with the class of stock 
for n, 1 11 1S ed , ai ? d normally it may be said that it is most suitable 

the fiCrT^ 15 3nd tb f C l ° rSC w l uc h are capable of dealing with 

such a, d! 1 ' natUrC ,° f th r e materials For simple stomached animals 
protein hnrA ^ poetry they are not suitable sources of energy o f 
?Senl,l hey i nUy , WeVer bcusedas vitamin supplements their 
pending largely upon the carotene they contain The market 
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value of dried grass depends to a considerable W 

virtue and large amounts are used as constituents of for SU “ 

stock, the samples being ° n ^ e ““ ° m “ ^on since dried 

one time this led to considerable din j f r marnin 

grass was graded entirely upon its 

allowed for storage losses was such ^ Appointing 

have alow energy and protein value. S P . ° ou ij be a 

results where it was thought that a high-gra e S mat erial 

good source of protein and starch equivalent. Stuffs A t ^ 

is included in the schedules of the Fertilizer and Feeding Stuffs Act and 


a truer evaluation is possible. 

TABLE 65 . Grading of artificially dried crops 

Dried grass j 

byproduct which (u) is. 

the following: grass, dove . ofthese and (fc) j s other- 

or any mixture consist ® ;1 ^ wt hs harvested 

wise at grown (that is to ub!0 B nc e added thereto) and 

therewith but with no jbutmnoids (protein) 

s !t ” IO pcr ccnt 
moisture. 

Dried grass 
(maintenance 
quality) 

Dried grass as defined l m the per cent 

SSlSli^ calculated on the assumption that tt 
contains IO per cent moisture. 

Dried green 
fodder crop 

1 Any product mi driedfodto for battle 

green crop or crop suit “ as groW n (that is to say 

and poultry and (JO « herewith but with no 

including any growths jv ^ conuins not lcsJ than 

grass'or'dricd'grass 3 (miuntenance quality,. 

Dried green 
roughage 

1 Any product wWchcontaimkss*M to p^^ contl mito 

(protein) ea'^ated on the^h ^ ^ olhcr icspects compbes 
KcTfinirion of dried grass or dried green fodder 

1 crops. 


1,„ sugeoied , S ^ c tiladvc 
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chemical analysis is essential and as a general rule, with artificially dried 
crops the crude protein content is a sufficiently good guide to the evalua- 
tion of the feeding value of the sample. 


TABLE 6 6 Nutritive value of artificially dried crops (Watson, 194®) 



Dry- 
matter 
content % 

Crude 

protein 

% 

Per 100 lb 

Starch Protein 

equivalent equivalent 

4 lb lb 

Grass Very leafy 

90 

18 7 

54 1 

13 6 

„ Leafy 

Little stem early 

9° 

IS 0 

5i 7 

93 

flowering stage 
, Stemmy, flowering 

90 

12 1 

51 2 

68 

stage 

Lucerne or clover bud 

90 

10 4 

49 5 

5 5 

stage 

Lucerne or clover, early 

90 

223 

50 1 

13 

flowering stage 

90 

l6 2 

44 1 

10 J 


The protein is stated m terms of protein equivalent which is the 
average of the values for digestible crude protein and digestible true 
protein Values cannot be quoted for mineral matter and carotene, 
but as a general rule the higher the protein the better the sample Will be 
as a source of both minerals and vitamins, subject of course in the latter 
case to age and conditions of storage 


NATURAL drying 

,1?” 5 “ 0IIM J of conservation in agricultural practice is still 

that of haymaking in which natural drying is employed The change! 
that take place are a continuation of those that have already been noted 
but they proceed until the death of the cell The crop u subjected to 
L ™n T(- Cn ?r c i"* 10 ? “Operable changes due to respira- 
Darticnl 1 "h"* “/“‘'T Ilcav y “U of the plant constituents and 

Myd.etnrhohydra.sntthecrop The extent of these changes 
staec atwh 1 = en ^ t ' tlme taken by the crop to reach the 

(ttfatl J?, 4 * Tr stopped by the death of the cells Crasemann 
S“ g ° n ,h ' “tbohydra.es at 69 per cent, affect- 

sscr" of,kf ^” d ™' w “ of 
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The weather at the time of haymaking may ako 
effect and rain is a potential source of loss of solub y do 

may he leached out of the dried hay, dtough it beabUt W ^ 

much damage in the early stages of < drying le ach out more 

ofimpermeahility. A succession of hght showers may 

nutrients than does heavy rain. . . i j ue to the 

After the crop is dried there *$ */**?£' are 
separation of the brittle leaves wluch dry ou nutrients than 

liable to shatter easily. Since the leaf is always richer ^ abne 

the stem, this loss will be heavier than t e gures favourable 

suggest. Ames and Bolt* (i 9 ») we£ of kcerne hay and 

conditions as high as 15 per cent of 8 ^ Q f leguminous 

Gerlach (1929) quotes figures up to 35 per c y haymaking 

crops and 5 per cent with grass, t^are 1 

and modem mechanization may bring a c . , j. 1 moisture 
After thehay is cartedftom the tteXsult 

content and is capable of fermentation in , , ^ t j, e cro p. 

in further losses a'gain largely 

Wiegner (r 9 2 5 ) has summarized the lo es 
making under good conditions and the 


TABLE 6 . 7 . Losses occurring in haymaking m good mother (Wiegn 



Dry 

matter 

% 

Digestible dry 
matter 

0/ 

/o 

Starch 

equivalent 

% 

Respiration 

Mechanical losses 

Fermentation in the stack 
Increased energy needed for 
digestion 

up to IO 1 
5-10 
5-io 

0 0 

5-15 

5-10 

5-10 

10-15 

Total 

10-30 IS 35 

25-50 


_ It should be noted that the loss of digestible “rbohydrato and die 
increase in the crude-fibre content consequent on P,^ ^ original 
tbc need for energy in digesting the hay as comp - 7 ^ This 

fresh grass and this is reflected in the losses of ^ ^eoflu 
emphasizes the need for fuller information on .the «“ST j * 

and shows that the loss of dry matter is a misleading figure, lo ) 
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than the actual loss in feeding value The figures in Table 6 7 are 
representative of Swiss practice but are very similar to those that 
been obtained in the British Isles The figures in Table 6 8 were 
obtained over a senes of years at Jealott s Hill and include all losses m 
the field and in the stack. 

TABLE 6 8 Sumnary of losses m haymaking 1 932-5 Stated as percent*#* 
(Watson 1951) 



Weather 

conditions 

Dry 

matter 

Early-cut hay 

— 



matter | protein | equivalent j equi 



"The figures illustrate most of the points that have been made abos c 
The early-cut hay was made some three weeks before the ordinary hay 
in order to obtain any advantage that was possible due to better com- 
position It was found that the yield of dry matter at the early date 
was about 60 per cent of that of the ordinary hay and it was in general 
more difficult to make the hay well at this stage This shows up m a 
greater loss of both starch equivalent and protein equivalent more 
C !£ e ° f Qrmcr The effect of wet weather is clearly seen and 
attects both the energy value and the protein In 1934, which was a 
very ry year the losses were low but even here there was a loss of 
nrariy 25 per cent of the energy m the original crop, though the protein 
2" W I f,^ ese cx I*nments fairly large plots were used so 
mr .w C , ^ cou ld be employed, thus ensuring some of the normal 

was f 1 A ° SSCS u* ^ ^ w ta ken to the stack when 

was fairly dry so that no excessive fermentation took place 
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The figures show that on the average one-third of the nutrients m 
thcSoSe lost during haymaking and the figure may easdy go upm 
half, whilst under really bad ^““^^pnwelto ferment and 

serious. Hay as it goes to the stack s P , ,, i osso f 

it is possible for overheating to take place causing a 

.digestibility, especially of the protein In extreme sases thehay 
badly charred Id sometimes fires break out m ov«h^s«d^ 
Geering (1939) has reported on Swiss results and lus figures are typical 

of what may occur (see Table 6.9). 


TABLE 6.9. Tl,e effect of eve, heating in the stack (Peering, 1939) 



Temperature 

Colour 

Smell 

Increased percentage 
losses 


0 C. 



Starch Digestible 
equivalent protein 

Normal 

fermentation 

Up to about 50 

Normal 

Normal 

- - 

Marked 

fermentation 

50-60 

Dark 

Slightly 

aromatic 

5-10 10-30 

Excessive 

fermentation 

Overheating 

60-70 

over 75 

Brown 

Black 

Sharp 

aromatic 

Burnt 

10-30 30-80 

30-60 80— ioo 


Similar data are quoted by Bechtel el al. was go 

:own hay and black hay. "^^^j^j^^^yS^^ttivelywllfist the 
41 and 2 7 for the normal, brown and ^ ^ & respectiv e hays. 


41 and 27 for the normal, brown ana ma j ^ ^ hays . 

protein values were 67, 16 and 3 P e * , nf overheated 

Prom these figures it is obvious that the ee ' g , , ^ levels 

hay will be low, that the results in practice will tuples, 

that might be suggested by the chemical composi feeding 

and that full allowance must be made for this serious fall m true teedrng 

^Despite the marked changes that take place “ 

portion of the product does not differ mar 'c y ^ which 

original crop if <L is taken. It is really the *^ *£""£* 

the hay crop ks to be cut that f Editions arc 

always relatively mature at the time ot y fibrous foodstuff 

suitable for haymaking and so is inevitably a T* 
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with a low proton value The tendency in practice is to allow the 
crop to become very mature before cutting m order to get the £ rca? ^ 
bulk of hay and at this time it is easier to ' win’ Most of the lu) mau- 
m the Bntish Isles is cut at such an advanced stage tliat the plants hav e 
flow crcd, have finished their normal life cy clc and arc at the 1®'' 
point as regards both their protein composition and their digestibility 
A comparison of the analytical values for the ordinary hay s made at 
Jealott’s Hill and summarized in an earlier table is given below 


TABLE 0 10 Con pos i on et i d Rest bit ty of firth grass anJ hay tnaJr from a 
(Watson, 1949) 



Grass 

Composition Digcstibil ty 
° 0 dry matter ° 0 

Hay 

Composiuon Digatibihty 
° 0 dry matter % 

Ether extra a 




40 9 

Crude fibre 

28 32 

63 8 


66-9 

Crude protein 

8 is 


8-04 

46 8 

N free extractive! 

53-95 

7 a 5 

52-99 

(TO 


T 27 




‘True protein 

6 89 

50 J 

TOO 

43-9 _ 

Dry matter 

30 8 

665 

86 5 

63 * 


Avenge of four yean 1932 5 
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composition and digestibility ^ s fo ^“^Xmeadow 

appears from an examination of the iigures tor we 

. , , ct,p pfTect on the mineral constituents, 

It is important to consider also the ert The eroD when 

though there is very little information on this point The crop wh 

cut usually has a low mineral content and there may k « 
mechanical shattering of the leafy portions that are 
this constituent. Crasemann (i«4) ported losses of the o der o 

7 per cent under normal conditions rising to as much as 35 P« 

by Watson (1951) and shows that on the whole hay P h 

There is always a marked destruction of vitamin C, m< J 'though 

up to half S the vitamin-B 

normally httle loss occurs. It is claimeo . n There is 

hay undergoes may increase its < America, but it should be 
evidence for this with lucerne hays » never be a 

realized that hay, even if subjected to solar actio ’ sen t in small 
good source of this vitamin since the precursor is n y p 

^The most obvious change in haymaking is the bleadmig rad loK i of 
colour that takes place. During the process m j ow though 

lost so that the vitamin-A potency of hay is norm y ^ Jj, e J, a y. 
it may be retained to some slight degree by mo making of 

making process. Hodgson ct al 1948 ) ^Idd 

lucerne into liay in the field with a drying proccs j c( j as typical 

curing, obtained the following values which may g 

TABLE 6.11. Changes in carotene content 0 / lucerne hay as compared n tthf P 

(Hodgson ct al., 194°) 

Tunc sample was laVcn | X 

H gm. per gm. I 1 S m * P** 


When cut 
When put on dryer 
When dry 
(after U days) 

When stored 
When stored for jo dap 
When fed 


308 


49 

26 
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of haymaking conditions (Table 6 n) The fall m carotene content is 
very marked and teaches an almost negligible value -when it is final y 
fed to the animal The additional drying process, to be describe 
later, has helped to some extent, but even here the final product, 
though double the potency of the field-cured material, is only a mere 
shadow of the original crop 

The figures arc self-explanatory and it will be seen that the loss is 
mainly m the field though even after that the losses continue until 
the hay finally reaches the animal Many efforts have been made to 
reduce the magnitude of the changes in the field Acceleration of the 
drying process is of paramount importance and practical control of the 
field work may affect the results that arc obtained, but these lie outside 
the scope of this work- The crushing of the crop in order to speed up 
drying was first developed in America and has been of value > there 
since most of the hay is made from lucerne m which there is a thick 
stem that dnes slowly and a leaf that will dry quickly The crushing 
of the stem evens the rate of drying of the two physical components of 
the crop and thereby reduces mechanical loss In this country crush- 
mg or bruising (Nash, 1956) has had no marked effect on speed of 
drying, except m the uppermost layers of the swathe where bruised 
material dned at a faster rate than the mown crop 
For many yean, particularly m northern Europe, special appliances 
to reduce the hazards m haymaking have been m general use These 
vary from stakes driven into the ground on which the partially made 
hay is hung, in the simplest ease, to wire-strand fences erected in the 
held on which the hay is carefully built, layer by layer Tnpods and 
hurdles are the intermediate form of hay-making appliances In all 
these cases the hay is allowed to dry out partially on the ground and 
ong before it would be fit to put m a stack it is built on to the appliance 
me result of this is to prevent most of the mechanical loss since the crop 
is not dry enough to shatter In addition it is always carefully built on 
he appliances and thus will shed ram readily m the later stages of dry- 
® 'K““ J 10 ? ll S k " '“"'Y loss « by leaching, which is not 

CTO P "here the cells still retain their 
rr.rrT 8 ^ Of their contents Also the crop 

fore tilt S °i ° n ° freely exposed to oxidation and light and there- 
the clroXr “ “ 3 neater degree as .. also some of 


difcmtX ° f (’PI 2 ) summarized 
different types of apphances These show an adw 


extensive trials of 
These show an advantage of the order 
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TABLE 6.12. Losses in hay made on the ^ and mth special appliances (Landis 
et a I93 2 ) 



No. of 

comparisons 

Dry 

matter 

% 

Digestible 

protein 

% 

Starch 

equivalent 

% 

All weathers 

Dried on the ground 

79 I 

20-9 

32-9 

41 *6 

Dried on special 
appliances 

79 

17-2 

27 *6 

37-2 

Wet weather 

Dried on the ground 

41 

25 -7 

39-5 

45‘4 

Dried on special 
appliances 

41 

20-8 

31-8 

39’2 


. value due to the use of these appliances in 


getting a crop and losing it. diose in hay made on 

would not he expected to be very di ^ ^ ^ loss of rar0 _ 

the ground apart from a certain am 

tene due to protection from direct sot g l sometimes built 

In Britain the use of special la g ■ ? . j „ t5 w here weather 

roimd a tripod, is common m the m ^ tripo ds t ] lat 

is less favourable to rapid drying. becoming common. It 

allow access of air to the centre of vitamin-A 

will give a hay of better be expected to 

be'gr^erdim thatSy ^indicated for mid-European condition,. 
, E rc " cr , . ’.: r ~ bowever, mechanization is so great 

'SZSiSUSSZ' w - *-.* r *a ci ”f 

well have a beneficial action in counteractmg the increased losses that 
must follow heavy mechanization. . . 

Baling of liay in the field will mean that the chances of mechanical 
loss arc again lessened, but the general picture must be similar to that 
under normal conditions of liaymahing and the mam advantage 
accruing will be due to a more economical use ot labour. In tile calc 
of baling there is a counter-factor in thit the crop must be baled when 
the moisture is at a sufficiently loss- level, often put at 2J pcf cn , t . 
Othetsvise it may heat severely in the bale which may later mould or 
aoj 
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may even give rise to conditions similar to those that arise m the 
‘spontaneous’ combustion of haystacks with the usual harmful over- 
heating of the hay or complete loss 
There has been a rediscovery of the possibility of finishing off the 
field-curing of hay by blowing cold air through the partially made hay 
m layers of suitable depth, a process tested long ago m this country and 
discarded. The American workers claim an advantage for the process, 
but under our conditions, the humidity is normally too high at those 
periods when the simple dryer envisaged is most needed The drying 
agent is the heat resultant on fermentation and this is blown through 
the mass to dry it out It will he obvious that such a process will result 
in a loss of carbohydrates and the extent of this change must he 
balanced against the practical advantages The trend with these bam 
dryers, as they are called, is to turn the use of heated air so that in effect 
it has now become a question of artificial dehydration The changes 
and the losses will, therefore, be a reflection of what happened in the 
field and during transit to the dryer smee, if it is properly operated, the 
drver should check quickly all subsequent changes and there should be 
no further loss m nutntive value It should be noted that the carotene 
content suffers heavily as will be seen from Table 6 u when it was 
reduced to one-third m the field and to a tenth during the bam-finish- 
mg process 
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TABLE 6.13. Nutritive value of hay (Watson, 1948 ) 

D content^ S.ardt ,00 Pto«ein 

C °r % cquiv. cquiv. 

/o /0 lb. lb. 


Meadow hay: I 

early flowering stage j 

flowering stage 
full flower, seed set 
Seeds hay: 

high clover ^ 

medium clover 
low dover 
Lucerne hay: 
before flowering 

full flower “5 

loughages, though this docs not meat, that hay is not a most valuable 
foodstuff. 

L™ v » —-"t If It SS 

content is at a relatively high level, and. the P roc “ P., Js to j, e 
control of certain biological changes if t ic proc ' wc ’ 3 ^ ier 
satisfactory. Unlike haymaking it is indepen 1 cn nut ritive value 

this means that full advantage can be taken o me ^g this 

of young, leafy green crops: it resembles artificial myrng 
respect. As a result, silage should never be comp competitive, 

ate products of a complementary nature and m . Britain the 

Indeed at the stage at which hay norn \, y ^° t is difficult to ensile, 

crop is at such an advanced stage of gro conditions are 

and it is usually preferable to make hay of it T 1 .1 j m 

suitable. If a crop has reached the hay stage it should *«“**«£* 
as an emergency method, realizing that the produc 

“fe-cutfa^U^«onrin 0 e«p«fta^^ 

will still be active. The changes that are associated . 

locrical nrocesses luvc already been considered earlier in p 

"When the cut herbage is put into a heap there will be a certain f ro ° u " 
tf aTcmWcd in it and aerobic respiration will continue until tins is 
used up. flic temperature of the mass will rise and this is an indica on 
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of the degree of respiration that has taken place Undue aerobic 
respiration will result in a marked reduction m the amount of carbo- 
hydrates in the crop with consequent losses in nutritive value Exces- 
sive temperature, as in hay, will also result in a diminution in the 
digestibility of the constituents, particularly the protein This was 
shown clearly by Woodman and Hanley (1926) working with a 
stack made from a mixture of grass and clover The digestibility ot 
the dry matter was 47 2 per cent, of the organic matter 49 3 pet cent 
and of the crude protein 12 2 per cent That this was due largely to 
the difficulty of excluding air may be seen from results obtained by 
Watson (1951) m which a stack of silage was made in the usual way 
and compared with one m which the grass was ensiled in a simple 
movable container This enabled the amount of air to be controlled 
during the early stages and after some days when the silage had settled 
to its final compact stage, the casmg was removed and later the 
digestibility was measured 


TABLE 6 14 Composition a id digestibility of a sample of stack silage and of * 
sample of silage made from grass m a movable casmg 



Stack silage 

Dry matter Digestibility 

Silage made in movable 
casmg 

Dry matter Digestibility 
% % 

Ether extract 

Crude fibre 

Crude protein 
Nitrogen free 
extractives 

True’ protein 
Starch equivalent 
Protein equivalent 

29 57 

31 3 84 

189 42 

32S 49 

X S 3 30 

40 6 

67 _ 

4 1 « 

264 70 

184 68 

40 2 67 

12 4 52 

49 2 — 

9 5 — 


m th ' “ ” *<= mass is obvious and shows uj 

Zx jtTl 0f SB " h 'U'-vdcnt value and even more so in th. 
stack was verv sllould be noted that the ordinary 

reduced to acomid u l ^ c ^ e P r “sion of digestibility wa 

investigated bv Wrwl e ^ c 6 r “ Had it been as marked as in tbe cas< 
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Associated with high temperatures 
marked colour change, t been called ' ‘sweet’ 

colour with a sweet smell, from w against at all costs and 

silage. This type of silage must he ]2Q o p and 

usually results when the temperature o 

0V Thc early history of ensilage in JJrfb J die workof 

cessful exploitation of the process m reached a relatively 

Goifart (1877) who used a pit in w a advocated 

low temperature. This was modified by * 7 ^ ^g it t0 

cuttmg the crop at an advanced^ g J odu cc a sweet silage, a 

reach a temperature of 125 r. an ® v 

policy that set back silage here for 1 ty ' years. amormt of 

air m the mass so as to reduce aer F r „mcmbercd that anaero- 

level. Even when this has ceased it mu ^ ^ ce jj s -die’ and 

bic respiration will continue for som 

enzymic changes also stop. container should be used to 

In practice it means that some s --.-..mers or silos as they 

control the access of air. Many di et ™ , ’ s j] 0 ; s hi general 

are called, may be used. In some countries the mwer^mo ^ ^ ^ 

use, in others the pit or The m e of overground trenches with walk 
access of air is prevented. The “® | wo od, or even closely 

made of some suitable material » aeain the amount 

packed bales of straw— has become pop ar heaps, 

of air is under control Silage made m hgM*-", ^ ^ a 

that are properly called clamps, tho g _ , silage wdl 

layer of soil, still have sides open to the air and the resultant g 

always suffer as a result. unchopped state and 

In Great Britain the crop ,s often resuk hi 

it calls for careful filling to P re ''“' t P° , , -^hcrc the crop can be 
local overheating, often followed by mould. ” “ ^ Simpler. 
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fermentations resulting m losses in feeding value and deterioration in 
the quality of the silage at the top and sides 
After the cells have * died’, their contents are freed by the pressure on 
the mass and the various micro-organisms present on the surface of the 
herbage begin to act The general result of the micro-biological 
changes m good silage is to produce lactic acid. If this can reach the 
requisite concentration it controls the action oflcss desirable organisms 
that produce butyric acid, svith w Inch is normall) associated an extreme 
breakdown of the protem to ammonium compounds The level of 
such volatile bases is another indication of bad silage Rapid increase 
in the acidity of the mass is, therefore, the second requirement of good 
ensilage This is due to the fact that the lactic-aad forming organisms 
withstand relatively high concentrations of acid whilst other organisms 
cannot do so 


There are indications in the early literature that the need for rapid 
acidification was reahzcd, but the final establishment of the underlying 
principles of acidification and their proper application in practice is 
due to Virtanen (1933, 1934) who started work on the problem m 
1925 He showed that at pH 4 2 the growth of butyric acid and other 
iar u organisms ceases, that breakdown of protem is almost inhibited 
below pH 4 0 whilst respiration is rapidly suppressed as acidity rises 
- ! tp £ 5 “ orJ y a k° ut 20 per cent of the normal, ceasing com- 
pletely at about pH 3 0 All subsequent work has fully substantiated 
e importance of the acidity of the mass in producing good silage 
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These findings gave rise to the MV. process of direct acidification to 

which reference will be made later. . i OD 

In well-made silage the final product is very smadar to*ecrop 
ensiled, both as regards composition and digesti i ty. 
seen from a comparison of a number of s.lagcs made in towers 

“ ' .. i. r = *££ 

acids appear in tins fraction and therefore the two sets “ 

not be compared. The crude-fibre values rise because of 'dmunu on 
in nitrogen-free extractives and other constituents lost during ens.lag 
and the digestibility coefficients show little change. 

The crude protein content appears to have risen, butriusagm 
due to an arithmetic rise because of the loss ofmtrogen-free extractives 

andanovercstimationduetotheuseofthefactoro Act that a 

crude protein from total nitrogen values irrespective of * * *“? “ 

larger proportion of the nitrogen is in the form of S ™pler nitrogen 
compounds. The protein has not suffered in digestib ty V 

simpler nitrogenous compounds, though t ese are . r 

ammonium compounds or other volatile bases The ig^duhty of 
this fraction shows a fall since the more readily digestible part will 
have disappeared first in the course of the breakdown of nitrogen 

■ «**??*££ 

might be expected, due to losses in respiration and other biolog 
changes during the fermentation process. Here again t ere 1 
reduction in the digestibility of the fraction since, as wit e 
protein, the more digestible part of the nitrogen-free extrac 1 

have been lost first in the changes that take place in ensilage. 

On the whole the figures show that the nutritive value of the silage 
will not differ materially from that of the original crop where con- 
servation has been good. This applies to the silage ma eun er m 
conditions, tbc exception being silage that has overheate « w c * 
must again be emphasized, may have a very low feeding va ue m ee 
where the overheating has been excessive. There are some awes no c 
in the literature in which the protein has been incapable of digestion, 
despite a reasonable level of crude protein in the silage. 

The process of ensilage is based on biological fermentative processes 
and the difficulty is to ensure that they always proceed in the desired 
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direction, towards the rapid acidification of the mass Whether or 
not this will happen depends upon many factors, the chief of which is 
an adequate amount of fermentable carbohydrate from which lactic 
acid will be formed This is the reason why maize silage has been such 
a great success m the United States making silage a foodstuff in com- 
mon use The maize plant cut at the proper stage of maturity is so 
rich in sugar that it brings about a rapid formation of lactic acid with 
relatively small nutritive losses m the crop With most crops as they 
approach maturity the carbohydrate contents rise and the amounts of 
fermentable compounds nse too In young crops especially the legu- 
minous crops there is a relative shortage of available carbohydrates 
and the course of fermentation may frequently lead towards the forma- 
tion of butyric acid with a marked breakdown of the protein Thus 
the stage of growth of the crop and its botanical composition must be 
taken mto account if the best results are to be obtained These factors 
also effect the control of air in the silo, the young leafy crop packing 
tightly and giving rise to anaerobic conditions with high moisture-" 
conditions most suitable to butyric acid fermentation which must be 
guarded against m practice As the crop matures and becomes more 
stemmy, it tends to keep open and aerobic conditions predominate 
sometimes with excessive heating, unless the crop is thoroughly con- 
solidated 


A good deal is written about temperature, and cold-fermentation 
warm-fermentation and high-temperature fermentation systems are 
a vocated The truth of the matter is that the temperature should be 
looked upon as the result of the changes m the silo and not their cause 
Kesults obtained in a laboratory by heatmg fresh grass to various 
temperatures at which they are maintained, bear no reference to field 
results where the temperatures are an indication of chemical changes 
whrtlf* S lven . ns< v to heat and that have as a result changed the 
<M>! t ub i, =nd will We stimulated a totally 

the Uboratcuy ^ b ‘° ° g,Cal P' 0 ^ to those m the silage made m 

tvWhamf^T Cnta 'T pioCBJ (K™* and Hildebrandt, 193°) 
developed m tb f tem P°rature of the mass below 80 ° F l 135 

Sa chop 'r lckt,vcl y ^>1 >™er silo filled rapidly, preferably 

mdiueomrrry 


210 



The Nutritional Value of Conserved Products 
It is not applicable to the large tower silo where 

in the bottom of the silo may produce anaerobic conditions, with tag 
moistures and resultant butyric-acid ormataon. common 

In Great Britain, where the trench sdo has developed, 
to let a certain amount of aerobic fermentation c u n seque nt layers 

layers, particularly with young tf\^°£ r jctice is not followed 

can he filled in as rapidly as is desired. P . . con- 

the lowest layer is often waterlogged mi * ^ seems to 

tent. A temperature of about ioo F. i roommates, 

coincide with a fermentation in which lactic aci pr . ^ { 

The same end can be achieved by aUowmg *e jop for ^inst 
layer to wilt when the fermentation will usu y 0 has been 

course than does the very high moisture materia . ™g h£be 

advocated widely in the United States (Shepherd et d vW£**g* 
with high protein crops and confirmatory evi ^cn ^ Netherl!U1(1 s 
Switzerland (Crasemann and Hernzl, 949) j „ t i le m ois- 

(Dijkstra, t 95 a). The effect 

ture to between <5o and 7a per cent, thoug rr , n ;, tures is that of 

tents have been advocated. The dang” wit Iea l danger in 

overheating of the mass m the silos and thi *7 

P NMh (i 95 6) has shown that even in what would appears be 
unsuitable weather, considerable wilting is p°ss ' ^ 

noted that silage made from wilted crops foes not develop die same 

degree of acidity as that made from succulen r E > ^ hio- 

is higher than would normally be considered desirable, and the bio- 

logical activity other than respiration is re uce . trussed 

The dangers of high temperatures have 
high-temperaturc fermentation as a whole 1 P ^ tQ ensure 

protein-nch, leafy crops spedal precauuons av t j, e na tural 

a suitable fermentation. The first approach is o carbohydrate 

formation of lactic add by the addidon of a s uitable ^ bohydrate. 

This may best be done by adding a solution of mol “ S “ “ the 

possible ^during the filling of the sdo, 

order of 30-40 lb. per ton, though m the United Sta tes 

is the normal crop ensded double that quantity >s suggeKci hmay 

be worth noting that when the worker m the Umted S ^ 

grass silage, he usually refers to luccmc, chopped in a forage , 

and ensded in a large tower silo. Molasses may be ^'^Netherlands 

cereals added at the rate of 150-100 lb. per ton. In the Nctl 
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finely divided fodder beet or potatoes have been widely used as a 
source of carbohydrate material in a process often spoken of as the 
Hardeland process (Dykstra 1951) though this also includes the use ot 
molasses The basis of the process is a thorough mechanical mixing 
of the stimulant with the crop 

The most rapid means of controlling biological changes is by the 
A I V process named after its inventor (Virtanen 1933 ) Here a 
solution of aN-strength mineral acid is added to the crop during ensil- 
age m quantities of the order of 13 gallons per ton If evenly added 
this has the effect of rapidly bringing the w hole mass to a pH lev cl of 
between 3 0 and 40 It is the most efficient method of ensilage but in 
Britain the variation m dry matter of the crop differences m botanical 
analysis difficulty of handling strong acid on the farm as well as its 
distribution have all combined to prevent its use It is widely adopted 
m Scandinavia though the trend there is to replace the mineral acid 
by an organic acid formic acid has proved cheap and capable of 
producing similar results in practice to the A I V solution 
Many other acids and acid salts have been marketed for ensilage but 
th«r action is almost identical with that of A I V solution The 
difficulty with mineral acids is that some basic material should be added 
to the sJ c 11 15 to counteract the effect of the acids added a 
difficulty that does not anse with the organic acids that arc oxidized 
normally within the animal Virtanen (1933) recommends a mixture 
ot 20 parts ofsodmm bicarbonate with 80 parts of calcium carbonate 
tobefedatthera.c„f S 25 oz perew, ofsilagc 

,1 j , great m ensilage is to ensure a thorough admixture of 

he additive whatever it may be and where this is done there seems 
theLlf f u' tetw " n “>y <> f them Kapellc el el (1952) 

mold pio “ ,s 1 otl level Of the pH value with its assorted 

value nf t> Ut ^ T1C aa< ^ ^ P rotcin degradation have shown the 
value oF proper mixmg of molasses and other earhnhvdrates with the 


whete^thorouvh P "? n ‘ a 8' °f good samples is much greater 

how ,W r gh 4Jmixture of the additive is ensured and It is striking 

ATvtmtlT comparison with the 

entirely where the f ° r ,hc ktttr ,hat 

the answer to tLVprohlem Ute if bnUS T B ° f ““P m ,he &c]i may b ' 

of cells will be broken doTvn “ d ° nc P ro P cr ly a large proportion 

wu their contents will be evenly distributed 
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TABLE 6.16. Influence of hand mixing 

quality of the resultant stla$e (Kapelle et ah, Z9S~) 


Hand mixing of : 

Grass and raw potatoes 

„ „ mangolds 

„ „ molasses 

„ „ A.I.V. solution 

Mechanical mixing of: 
Grass and raw potatoes 
„ „ mangolds 

it „ molasses 


No. of Percentage 

samples Good 


of samples noted 
Fair Bad 


58 

217 

754 

208 

26 

583 

97 


6-8 

37*4 

29*7 

55*9 

30*8 

62-8 

64*0 


6*9 

277 

26*6 

17*3 

10*2 

17-5 

28-9 


76’3 

34'9 

45*7 

26*8 

59-0 

19-7 

7-1 
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effluent are not excessive and mi) be assumed to be of the order of 5 pet 
cent of tbe original dry matter in the crop , 

If the silage is well made the losses due to waste at the top and si fS 
should be very low and m most eases negligible 
Watson and Nash (1961) has compared the losses of nutrients whic 
arc involved when making ordinary , stimulated and acidified sibgc 



The losses m dry matter need not be high but arc misleading, 3S ** 
seen from a consideration of the losses of energy, stated as starch 
equivalent The advantage of some additive is noticeable here and » 
even more marked in the case of the protem There is no separation 
into growth stages possible, but if it had been, the advantage of stimu- 
lation of lactic acid formation or of direct acidification would ha yc 
shown up even more in the young, leafy, succulent material The 
losses of true protem are high because of the breakdown to simple 
nitrogenous compounds, but a better measure of feeding value of the 
nitrogenous compounds in silage is the digestible crude protem Some- 
what similar results are quoted from Sweden by Jarl (1948) wh ° 
reports losses of organic matter m 10 samples of A 1 V silage as x8 9 
per cent compared with 19 8 per cent where formic acid was used 
tcs p 1 P er ce nt -with the addition of molasses (22 tests) 

The relative figures for loss of crude protein were 10 7, II 5 and 8 8 
per cent respectively These figures are similar to those in the table 
and show no modem improvement in treatment with reduced losses 
under American conditions Shepherd et al (1948) quote dry matter 
| SS ^ S ° 10 3 P er ce * lt ordinary grass silage, 8 3 for wilted g raSS 
"T; 8 6 P' r ™ wI >®= » PH of 4 36 was leached by addnig molassc* 
“lunl ™ l? H W15 ' am * ‘O 3 66 by ,hl use of oN «.d 
non of ,h Th ° 11Bh W " ,h “ th ' European results the relative pou- 
for thre« “ ’“^ 5 '*"Pt that there ts a definite advantage 

direct acidification, whteh would normaUy be expected 
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The losses of energy and of protein in 
the order ofa 5 and xo per cent respectively. No snchdataa 
for the ash constituent, but in his summary of existmgd^aW^on 
(1961) states that the losses of ash constituents ^ Jugh ^ 
undue leaching with heavy effluent losses has occurred, but even 
they do not appear to exceed io per cent. 

As far as the' vitamins in silage are concerned the losses. :euot 
excessive in good samples. Where t my egree o of other 

place, destruction of carotene J c3rotene is high and 

w at (1948) slow a of 9'i % 3 g C from ™l„d 

per cent where molasses was added, and 3 3 

grass, where there would be an additional e oss. conditions 

The vitamin-C content of silage is reasonable iund i good conditions 

of ensilage though half of it may be lost. Silage fro ' f P f 

will be a good source of carotene, of the v.tamm-B complex and 

“feeing value of silage will depend upon the nature of the crop 

ensiled and may be a very valuable source of pro j ifproper 

able to replace concentrated mixtures of oil-cakes and cereals it p p 
allowance is made for the differing moisture contens. ^ 

The silages that are likely to as 

classified according to the material fro ..^lamination 0 f t l, c 

the crop retains its structure during ensilage accuracy in its 

Sample will often allow it to be placed with reasonable accuracy 

proper position, as a source of nutrients. 

TABLE 6.19. NnfrihVe value of si lage (Watson. 194 ) 

1 „ . Per 100 lb. 

Cn J ,, e tarc h Digestible Protein 
protein St . arc ‘rude equivalent 

% h m r ,c,,t nroSnib. ib. 


Grass, leafy high 
protein 

Grass, early flowering 
stage 

Grass, full flower 

lucerne 

Clover 



2t7 
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To make silage in trenches the following simple rules arc suggested 
and the same principles will apply to silage made in other km 0 
container 


TABLE 6 17 Simple rules for entitle (Wation, 195*) 


Ctop 1 1 

low crop 
will pack 

Method of air 
control 

Is wilting 
necessary? 

Stimulation by use of 

MoUttei And 

solution 

Short leafy 
growth 
(4) Legumes 
(fc) Glasses 

Very 

tightly 

Dufld shallow 

layers and 
allow each 
one to heat to 
about too 0 f 

May be an ad 

vantage as it 
will as oid 
tight packing 
particularly in 
a tower sdo 

Must be 

used , 

(a) jo-40 t« I“* 

Ib/ion I" non 

(5) IMS U P>* 

lb/lon P"'“ 

Early 

flowering 

stage 

stem 

Satis fie- j 
tory j 

Lower layen in 
silo should be 
allow ed to 
heat Fill 
quickly 
thereafter 

Only for 
bottom layer 

Notneeev- 
wry f* rton 

10-20 lb/ 
ton may 
be added 
as an 
insurance 

Full 

flowering 

stage 

stemmy 

Loosely 

Must be con- 
solidated 
especially the 
top layen to 
prevent 
overheating 

Wilting should 
be avoided 
Water may 
have to be 
added 

Not » 

netded P“““ 

- 


* The solution of mineral acids is of jN strength 


There have been efforts m recent years (Waterson, 1955 , Murdoch. 
S956) to simplify the handling of silage m the field and these have led 
to the baling of the fresh crop in modified balers The resultant bal« 
are reported to he easier to handle and are usually of 50-70 lb in as eigM 
■when made They are packed carefully into the silo, and compressed, 
otten by the use of a heavy caterpillar tractor The advantage claimed 
is that the bales of made silage are casdy separated and when being fed 
may be hfted out by the strings with svhrch it is usual to tic them !t 
may be sard that baling is only a method of handling the crop and has 
succeeded because, in the maui, fatrly mature matenal has been used 
With young material wiltmg or the me of some additive is essential and 
m the latter case metahtsulphites have been used with success 
Special cate ,s still needed to make good silage and the bales are 
very liable to heat, even m the field before they ate caned to the sdo 


214 




The Nutritional Value of Conserved Products 

Careful packing in the silo is essential and consolidation must be care- 
fully and thoroughly done. Many operators use loose grass to fill th 
spaces between bales and add some between layers an on t e op, 
of which calls for special care at the silo. No a vantage can 
expected in regard to quality and yield of finished s age an , ^ 
great care is taken, heating of the mass may take p ce wi 
disadvantages that this entails. Much work still remains to e 
before a proper assessment can be made of the process in re ation 
other methods of handling the crop. - 

The possibility of excluding air by the application of a surface coat 
of some kind was suggested many years ago. Modern plastic 
materials have revived this interest and many plastic s eets a ^ e 
tested, usually to seal off the surface of the silo. Sprague an ce 
(1955) have reviewed current progress and descri e a tec qu 
enclosing stack silage in a plastic sheet which is finally gat ere a 
top and encloses the whole stack. Losses are said to be somewha 
lower than in normal ensilage. Experience in this country a pr 
inclines to the view that the plastic materials are too expulsive as > 
arc not sufficiently strong for the purpose and have too s lort a 1 e 
the average farm. . , c . • 

Tile ensilage process must of necessity result in some loss of nutrients 
The respiration will take toU of the more easily digested portion ot the 
crop and where wilting is practised this loss must be faced, but we ia 
seen that this need not be excessive and need not exceed 3 per cent in -+ 
hours. In the silo itself the loss due to respiration is not heavy ana 
even where a high temperature develops Woodman and Amos ( 19 - J 
have shown that this docs not involve an excessive loss ot nutnen . 
The fermentation of carbohydrates to lactic acid makes 'tt e c lange m 
tbc nutrients .since lactic acid has itself a high energy v ue. 

■volatile organic adds involve loss, but the end products may e us ^ 
1 >Y the ruminant in due course. Protein breakdown invo vmg sun P 
fication of nitrogenous compounds is not so serious in t ic J**® 
ruminants, to which silage is normally fed and Kirsch an J 
(> 933 ) and Watson and Ferguson (1936) have shown that the no * - 
protein nitrogenous constituents of silage can be utilized c icicn y > 
dairy cattle. All these diangcs go to make up an unavoidable lermci - 
l atiun loss which must be faced in ensilage. . r 

*fhe effluent from silage carries with it dry matter am t c o 
j "Orients from this cause will vary with die crop and its moisture 
content as was shown by Sutter (1955)- As a rule the losses due 
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The values for digestible crude protein have also been included since 
they arc a better measure of the feeding 'value of silage than the protein 
equivalent values The grass silages arc good sources of energy, 
whereas the values for the legumes arc low cr In the latter ease botn 
sets of figures relate to silage made from crops cut at the early flowering 
stage, since they arc seldom ensiled at the bud stage because of 1°" 
yields and difficulties of ensiling material of such a high protein value 
The silage made from leafy grass on a dry -matter basis is similar in 
feeding value to the usual concentrated mixtures sold for cattle feeding 
At the flowering stage grass silage is intermediate between hay and the 
concentrated mixtures, whilst at the full flower stage it is only equal to 
hay Normally at this time it is better to let it go for liay. 

Stack and clamp silage which normally suffer some degree of over- 
heating should he regarded as equal to full-flower, grass silage even if 
they have been cut at an earlier stage, since the heating is bound to 
have reduced the nutritive value 
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CHAPTER SEVEN 


The Nutritional Physiology of the Adult Ruminant 


A. T. PHILLIPSON 


The action of saliva: movements of rumen and reticulum in relation to the J 
food— Rumination: chemical changes in the rumen; action of protozoa, ac * 
digestion of cellulose, fermentation of starch, sugar-Action on protein: digestion 
absorption in the rumen, omasum, abomasum and intestines . 


Most of the nutritional complications found in the ruminant : stem & om 
the fact that fermentative digestion precedes peptic lges o 
undoubted advantage for the ruminant to be able to hva a ™ 
variety of herbage and ro be able to derive sustenance from ■ «** 
fodders that would be of lower nutritional value to a 
value at all to man, but this advantage is gained at the prwtf. 
efficiency in the utilization of soluble carbo y rates an p 
AU food constituents are subject to microbial digestion in the ru 
and the processes involved cause losses of energy an , food 

nitrogen to occur. It is important to assess the extent 
constituents are disintegrated before they pass to the aboma 
peptie digestion occurs, to reach a firm conclusion on 
of fermentative digestion. This involves also the <l u f 
ment of soluble products of digestion that arc directly absorbed a 
the products that pass with the food residues to the abomasum, 
measurements present serious technical difficulties that so f-^ °nly 
partially been overcome. It is safe to say that of The : ceUuhne Tha » 
digested, 70 per cent or more disappears before the food reaches the 
abomasum, but it is not possible to be so precise concerning the 
quantities of organic acids or of the microbial protoplasm that 
formed. 
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The reticulum and rumen together are sometimes said to form 3 
fermentation vat but this is not to say they form an inert \ at- T « 
organs arc integrated with the whole animal and it is as important 
to study the activity of the sali\ ary glands, the reflex control of c 
movements of the stomach the permeability of the epithelium 
these organs their nerve and blood supply and the movements ot too 
through the organs as it is to understand the chemical changes tW 
occur as a result of the metabolism of the bacteria and protozoa tn 3 
inhabit it 

More attention has been gi\cn to the rumen than to any other part 
of the alimentary tract of the ruminant, but from recent work it 
seems as if the remainder of the tract will prose just as interesting 

THE SECRETION OF SAtlVA 

The sahva of the rumen has three important properties (i) 
quantity secreted is unusually large and it provides a continuous flow 
of water which is important in maintaining the contents of the rum® 
very moist — the dry-matter content is of the order of 1 2-16 pet ccnt ”jj 
and in washing food and other particles that are sufficiently sm 
through the omasal orifice, (2) it has a slightly alkaline reaction con- 
taining sufficient bicarbonate to neutralize a considerable part of the 
organic acids formed during fermentation, it also contains a concen- 
tration of inorganic phosphate that is about 5-10 times greater tb«j 
that of the plasma {3) it contains appreciable quantities of urea and 
also mucoprotcm. Urea is known to be a source of nitrogen that is 
available to rumen bacteria and mucoprotem is also likely to serve a 
similar purpose The sahva, therefore, provides a suitably buffered 
nw ium containing a small concentration of nitrogen for the culuue 
o organisms in the rumen and its continuous secretion provides 
sunicient fluid to maintain a continuous flow through the reticulum, 
rumen and omasum ° 

rabvary glands rn the sheep have been classified into 
rnrotif COU !T r These are as follows group I. ^ 

m ° Ut 8Unds are serous glands W* 

^ “Hr can only be found m 

=• -re palanne. buo^ - 


palate and tL -X 1 1 num «ous and are spread over the 

defined masw ** u r “P 5 cUvc V > the pharyngeal glands form vie 11 
timed masses on the soft palate and at the sides of the pharynx 
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group 3, the submaxillary, sublingual and labial glands which are 
mixed glands containing mucous and serous cc s. 

The Lous glands secrete fluids of simdar composmon wluch are 
isotonic with the plasma and well buffered with b.carbonare tmd 
phosphate. Both the parotid and inferior molar glands haveaslow 

resting rate of secretion which is independent o t enerse PP 

both respond reflexly to mechanical stimulation of the mouth, 
oesophagus and the reticulum and rumen. The glands of S™ P - 
respond to stimulation in much the same way as t e serous g 
group I. In composition the fluid secreted seems to be simdar to that 
of the serous glands as regards its content of electrolytes but It a o 
contains a high content of mucus. When the saliva from the momh 
of anaesthetized sheep is collected after the paroti , su ' • 

sublingual secretions are excluded it is seen to consist of a 
fluid which also has a more liquid component. The volume 
may bealmost as great as the secretions from both P«ot.ds and ctoly 
this saliva-named ' residual’ saliva by Kay and ^P; 0 ” 
very important component of the total secretion. e * 

however, includes the serous secretion of the m^nor mo ar g 
group i and the secretions of the labial glands of group 3- 

The submaxillary and sublingual glands both ^creteahypomme 
saliva wUch is weakly buffered. The submaxdlaty, if it has 
flow, is very small indeed and is stimulated to secrete mostly by feeing. 
Tittle or no responses have been obtained experiments y y , 

tion of the oesophagus or of the reticulum and rumen. The sub g 
gland, however, has a slow continuous resting rate of sccreti 
some response may be obtained by stimulation o e ,1 

Little is ho* of the flow or responses of sahva torn the labial gUnds. 

The fact that the thoracic part of the oesophagus, the cardia 
anterior parts of the rumen and reticulum are the struemres * y 
mechanical stimulation produce a profuse reflex flow of shiva fro 
the glands of group I and group a suggests that feeding and >™U 
tion would be the most potent natural stimulation to sahvtmo 
(Comlinc and Titchen, 1957! Ash and Kay, 1959)- The parotid « . 
is known to be stimulated by the two processes in both sheep and cattle, 
and'it is reasonable to suppose that glands that go to form residual 
saliva as previously defined, behave in the same way as the parotid 
glands as their reflex responses seem to be the same (Plullipson and 
B-cid, 1058; Kay and Phillipson, 1959). . 

The flow of saliva in cattle has been measured during eating and 
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during resting The behaviour of the parotid gland under these 
conditions and the total flow of saliva in cattle that \\ ere neither eating 
nor ruminating arc described by Dailey and Balch (1961*1, b) e 
interesting feature of the resting rate of secretion of the mixed salt' 2 
as it appeared at the cardia was that although eating stimulated e 
flow the hour immediately after feeding was the period of low e^t 
secretion, thereafter the resting rate of secretion increased until the 
next meal The electrolyte composition of the resulting mixed sdiv 3 
in cattle was very similar to that of the parotid glands which is to c 
expected for under these circumstances the secretions of the sublabi 
and submaxillary glands arc negligible and these secretions arc the onl) 
ones that differ markedly from those of the parotid as regards electro- 
lyte content 

The decreased salivary secretion following feeding may be due to the 
inhibitory effect of distension of the rumen with food and the subse- 
quent increase m salivation to the gradual loss of inhibition as the 
contents of the rumen pass on to the omasum or arc absorbed 


THE PASSAGE OF FOOD THROUGH THE ALIMENTARY TRACT 

The rate at which food passes through the alimentary tract is slow 10 
ruminants when compared to other animals or man The technique 
introduced by Lcnkeit and Habeck (1930) in which hay or straw stained 
m a suitable way is given and the stained parades appearing m 1 1® 
faeces are estimated at daily intervals has been used extensively A 
summary of the early work using this method is given by Lcnkeit 
(1933) which indicates that the maximum excretion of stained food m 
the faeces occurs at about 24 hours in the horse and pig but at 48 hours 
m the sheep Passage of stamed marker seems to be a little less rapid 
m the cow than in the sheep for Usuelh (1933) found that the maxi- 
mum excretion occurred at three days and the accumulative excretion 
curves given by Balch (1950) indicate that the quantity excreted at 
etween 24 and 48 hours is about the same as that excreted from 48 t0 
72 hours after administration The delay is due to the time spent » 
the rumen for about 90 per cent of stamed parades introduced direedy 

abomasum are recovered in the faeces within 24 hours 

has 1 sKown th *t when stamed ground hay is fed to a coW 

raoSITtV, fCd i° n i hay tt Passes from the renculo-rumen m°r® 

th ^ the KW and is excreted more rapidly m the faeces 
‘ JL 9 ^ “ ahindicaaon that the passage of liquid m which small 
parades are suspended through the sac is more rapid than that of* 
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solid food and fine particles can be washed through the organ more 
rapidly than long particles. Castle (i 9 S <0 thc SamC d6ct 

Th poslbkln anaesthetized sheep with rumen cannulae to ^vashdte 
rumen apparendy clean by repeatedly introducing “d remoinng 
water through the cannula, yet when the organ is opene / 

contain a mass of clean hay if it has been fairly recently fed If, on 
the other hand, the ammal is fasted for 24 hours before this operat on 
the food in the rumen .s sufficiently finely divided to leave in ^pension 
with the water, and the organ can be really emptied andwiuhed clean. 
The opening to the omasum is somewhat smaller than the & ame ‘ er 
rumen cannulae and so this experience is a convmcmg demonstration 
of the fact that the food in the rumen cannot move onwards 1 from 1 the 
organ until it has been disintegrated into small particles. Th P 
with which it disintegrates therefore will affect the time spent by food 
residues in the rumen. A sheep on a dry ration may 
hires of water a day (Evans, i 9 57)-some sheep drmk considerably 
more-and the saliva may add from 5 to 14 hires of: fluid Th How 

rumen, estimates the average flow of fluid ftom the rumen to be of the 
order of 7 hires in 24 hours. He esnmates also that from 37 to 66 

7 rSSS *-y ;l ”£ 

Die. umetences . Hy a,r n ’ s estimate is consistent with 

account for the ducrepmc^ ^ ^ (l(w) wh o calculated the 
hat given by Gr y. B h omasum from the starch/Ugmn and 
quantity of waterabsorbed ^ v3rious of the stomach 

nitrogenlbgmnrauos oithe^ ^ ^ ^ sa]iv;iry 

of slaughtered sheep ^ , 0 from 9S to ,po 1 . per 

«cren°nsofaitUef dondl drtaking water and the 

a 4 hours; this «***T ^ , range of f rom J25 to 255 1 - 

w-ater contained m “ , 4 hours Hyddn (.961) calculated 
thaT’ll””eft the rumen of cattle per 24 hours and bod, these 
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during resting The bclmiout of the parotid gland under these 
conditions and the total flow of salts a in cattle that w ere neither eating 
nor ruminating arc described by Bade) and Balch (ipdltf &) ^ 

mtcresnng feature of the resting rate of secretion of the mixed »h' a 
as it appeared at the cardia was that although eating snmulatcd the 
flow the hour immediately after feeding was the period of loss cst 
secretion thereafter the resting rate of secretion increased until c 
next meal The clcctroly tc composition of the resulting mixed sahv* 
in cattle was very similar to that of the parotid glands which is to 
expected for under these circumstances the secretions of the sublab 
and submaxillary glands arc negligible and these secretions arc the only 
ones that differ markedly from those of the parotid as regards electro- 
lyte content 

The decreased sails ary secretion follow mg feeding may he due to t c 
inhibitory effect of distension of the rumen with food and the suhsc- 
quent increase in salivation to the gradual loss of inhibition as the 
contents of the rumen pass on to the omasum or arc absorbed. 


THE PASSAGE OF FOOD TIIROUCII THE ALIMENTARY TRACT 
The rate at which food passes through the alimentary tract is dow 10 
ruminants when compared to other animals or man The techniq 0 *' 
introduced by Lcnkeit and Habeck (1930) in which hay or straw stained 
m a suitable way is given and the stained particles appearing m ^ 
faeces are esumated at daily intervals has been used extensively A 
summary of the early work using this method is given by Lcnkeit 
(J933) which indicates that the maximum excretion of seamed food m 
the fkeccs occurs at about 24 hours m the horse and pig but at 48 hour ! 
in the sheep Passage of stained marker seems to be a little less rapid 
in the cow than in the sheep for Usuclh (1933) found that the ma» 
mum excretion occurred at three days and the accumulative excretion 
curves given by Balch (1950) indicate that the quantity excreted a r 
etween 24 and 48 hours is about the same as that excreted from 48 t0 
72 hours after administration The delay is due to the time spent in 
the rumen for about 90 per cent of stained particles introduced direcd) 
into the abomasum are recovered m the faeces within 24 hours 
otW r) ^ , shown that when stam ed ground hay is fed to a co* 
^ P 3SSCS ^om the rcticulo-rumen 
,T ,he lon S >'»y is excreted more rapidly m the 

'll Th " “ au m *atton that the passage of liquid in ivhtch sou 1 
particles ate suspended through ,he sac is more rapid than that of*' 
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“^os&anaesthctizcdsheep.vith rumen 

rumen^ apparently clean by 

water through tlic cannula, yet when t g r j jf on 

contain a mis of clean hay if it has b “ n / 3, \X e thifoperarion" 
the other hand, the animal is fasted (00 24 hours ! °P“ 

the food in the rumen is sufficiendy Jh^Y ^ ^ washed ckan . 

with the water, and the organ can be r y P ameter of 

<* m ..a a h, b t „ «« Fid 

%;fZ S £, », Si. to , 

residues m the rumen. A sheep on a ary J,4,,t considerably 

litres of water a day ’£* Si Wow 

more— and the saliva may add from S 4 considerable and 

of water into the reticulum and rumen, herefo * con . 

Hyden (1961), who has emulated the flmdvohmie^oftherumen^t; ^ 
tents of sheep and the rate at which ^ i ■ 1 into the 

decrease in concentrations of ^ thc rumen to be of the 

:,r;S= ‘ f sr “ 

I"'""'" 1 *' j ‘£ £(S o,tor.™dfcd foot tf dr, method 

:r'S~S”d'CSSS). fi* *“ t”% 

flowed from the ,m ) mm OJ ' ^Seeillhe tower errimate ir reason- 
on mixed meals and hay, wmcn. su^b . „ j nres maV 

able. Differences in food and 

account for the discrepancies. y w hb calculated thc 

that given by pray, gn® omasum &om thc starch/lignin and 
quantity of water absorbed in the m c f the stomach 

nitrogen/lignin rauos of the con, fh P ^ ^ 

■ 24 hours; this quantity together with the drinking 'vaterand the 

water contained in thc food gave a “’S' 1 calculated 

of water entering the rumen per 24 hours. H>alen (.96.) mien ated 
that 150-170 1. left ,l,e rumen of cattle per 24 hours and both these 
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estimates give an indication of the extent of the flow of water to he 
expected , , 

The movement of food through the rumen of cattle has been stucue 
in detail and has recently been summarized {Balch, 1961) 

The omasum is the most difficult part of the stomach to examine 
After death the solid material between the laminae has a dry matter 
varying about 20 per cent When barium sulphate is introduced into 
the rumen it can be detected m the omasum within half an hour s 
far as is known semi-liquid contents enter the omasum at regular 
intervals that appear to be related to the contractions of the reticulum 
and the material lcavmg the omasum is a fluid containing from 5 t0 
per cent dry matter according to Oyaert’s (1955) and Bngg’s (19^' 
observations Trickles of opaque material can be seen leaving the 
organ at irregular intervals and occasionally denser material may be 
seen in the region of the abomasum below the lower pole of the 
omasum Regular changes of pressure within the organ have been 
recorded and even though water absorption occurs within it (Gray 
et al , 1954) there is reason to suppose that there is a differential rate o 
passage for liquid and sohd material through the organ and that the 
solid material between the laminae, consisting of finely divided par- 
ticles, are assisted m their passage by the flow of liquid The omasum 
remains an emgma in some respects and its mechanical activity can 
only be surmised from the vanous scattered pieces of information avail- 
able Recently, Stevens, Sellers and Spurrell (i960) have suggested 
that it serves as a two-stage pump, aspirating reticular contents into the 
omasal canal, pumping the more fluid contents from the canal into the 
mterlaminal spaces, and finallj expressing the contents from these 
spaces into the abomasum 

The flow of food from the abomasum onwards is continuous 
although variation occurs m the total weight of contents in the aboma- 
sum, small intestines, caecum and colon of sheep fed a standard ratio 11 
an slaughtered at two-hourly intervals throughout a 12-hour feeding 
cycle (Boyne, Campbell, Dasndson and Cuthbcrtson, 1956) 
abomual contents double between 2 and 4 hours after feeding aw* 
tner carter decrease, the greatest quinary of digesta in the small and 
large intestines occurs to hours after feeding 

Measurements of the rate of flow &„m the abomasum to the duo- 
w ? % c ^ ^ UVC -k, ecn tuade by sectioning and closing the cut 
end of the fust part of the duodenum and dircctnsg the flow through 
cannulae placed m the cut ends The cannulac ate joined outside the 
226 
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body wall by tubing and tbe flow may be measured ^tWswayin 
sheep consuming food in normal quantities by opening . 

collecting tbe material that flows from the abomasum n neat mrmgrt 
and reintroducing it again into the second part o Blackface 

(Phillipson, 1952c). This method has been used in Scottlsh f 

sheep fed on 300 gm. hay and 200 gm. of a “e consutmg of 
2 pans linseed meal and 1 part oats every 12 hours and the mean flow 
per hour measured from 4 sheep was 360 ml. ( ogan an ^ 

I960). A second experiment made on four more Scottish Blackface 

*4 u „ , s « ! 4.rh. y -«b»B 

4*15 P.m. — gave a mean volume or 39 s ■ P . , J 11 u v _ 

Phillipson, 1961). A method of measuring flow in a duode J 
pass, made in the same way, with an electromagnetic flow , meter, 
which allows the flow to be measured without 0 P e "“S 
necting tube, is described by Singleton (19 ’) ' v ° - , , 

value of ml. uer hour for three Clun Forest sheep ted on nay. 
Singleton observed that about 10 per cent of the mate “ 1 
the abomasum to the duodenum flowed bade agam through th b> 

pass' and his values are corrected for this r f XpLesheeomd 
Forest sheep are larger animals than Scotnsh Blad&a sheep md 
presumably cat more which may account for t c lg rccc i vc d 

V kss t n 

90 per cent oHhat expected from the quantmes of chromium ses- 

^netanem 11 onflow was influenced by feeding and by rumination. 
The flow . ole duodenum was depressed about 1 or 2 hours after the 
sheep received food but increased after sustained periods of rumina- 
tion and penods of maximum flow occurred m the early morning 
and during the early morning feed. The pooled results from d! sheep 
show a dear rclatiomhip between the time devoted .0 rumination and 
the quantity of abomasal contents passing to die duodenum. 
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experimental conditions Hyden, usmg polyethylene gl>'“' 
estimate the flow through the stomach estimated that m sheep in w 
7 1 left the rumen per day, 9 5 1 flowed from the abomasum Aj 
some of the 7 1 would be absorbed in the omasum this estimate is we 
in agreement with the experiments quoted here and the flow tro® 
the abomasum represents a mean value of just under 400 ml P cr 
hour , 

The only information on the quantity of material flowing throug 
the terminal part of the ileum is that obtained by Hogan (i 957<0 ^ ® 
found, in sheep fed on hay with linseed and oats, that it was about 
the quantity entering the duodenum 

THE MOVEMENTS OF THE RETICULUM AND RUMEN 
The descriptions given by Wester (1926) and S chalk and Amadou 
(1928) provide a general picture of the major movements of these 
organs in cattle These descriptions were based upon records of the 
pressure changes within the cavities of these organs, usmg cattle wi 
permanent fistulae, combmed with observations m the movements o 
the various parts that could be felt with the hand from inside the rumen 
More recent descriptions are given by Cornwall and Reid (i959) 211(1 
Stevens and Sellers (i960) The most important features of the move- 
ments that can be felt are described below and represent a summation 
of published accounts together with the author’s own experience 
The pressure changes that can be recorded by sensitive transducers 
from the reticulum and the anterior, dorsal and ventral sacs of the 
rumen have been illustrated by Cornwall and Reid( 1959) 
incidence of such pressure changes, however, vary with the activity of 
the animal (Phillipson and Reid, i960) Four main sequences of pres- 
sure waves can be distinguished in the rumen between a biphasic 
contraction of the reticulum, namely (1) a wave of increased pressure 
confined to the dorsal sac (D) which always forms the first pressure 
■wave of all subsequent sequences and starts during the second phase 
of the contraction of the reticulum, (2) the D wave followed by 2 
wave of increased pressure in the ventral sac as soon as the D wave 
subsides (DV), (3) the D wave is followed not by an increased 
pressure m the ventral sac but by a further wave of increased pres- 
sure m the dorsal sac which is synchronous with a bnef ‘spike’ of 
pressure in the reticulum, anterior and ventral sacs (DSV) , and (4) 
pattern is the same as that described for (3) except that a wave of 
pressure in the ventral sac follows the primary D wave (DVSV) 
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Of these patterns ( 4 ) -as most fluent during feeding, ( 3 ) during 

rumination and ( 2 ) during resting. , ,» described second- 

Both Westcr(i 9 26) and SchaR andAmad f prccedecl by a 

ary patterns of movement in the ru ^ alternated activity 

biphasic contraction of the rumen, an no contraction of the 

of the rumen often occurred, namely the ^ ru . 

reticulum is followed by the primary wav contraction of the 

men, followed byapeno of ^£|“£^?*«d«y «»- 

reticulum, however, was followed P ii;- c well with that given by 

traction of the rumen. This description tall ™;" th f ir d J. 
PMUpson and Reid ( I96 “^ ^tf DV whds^be secondary wave is 

£t 

tion than during feedmg and resting. rum en allow pressure 

Palpation of the walls of the piUars °f thcrum^ ^ P wavc 
waves to be related to movements o 1 ^ a w ^ position, the 

is the result of contraction of the anten P coronary pillars of the 
longitudinal pillars and the posterior an to become more 

rumen. The wall of the dorsal sac also appears to 
tense. The V wave represents the contracnon ^of the m- te^ 
in a low position, the longitudinal p ars “ „ Q f ^ sac al so becomes 
coronary pillars of the rumen; the w o corresponds 

more tense and presumably is contracting. W anterio /pi]lar 
to the D wave in many respects but t'F ^ ^ contraction of the 
is rather lower and the greatest force ied fey contraction of 

dorsal coronary pillars which is often a P 1 , t0 t }ic first one. 
the dorsal blind sac. The final (V) ^ ^ventral sac 

It is probable that some of the more liquid conmntsott^ 

move forward over the anterior pillar dunng V contraetio b 

gested by Cornwall and Reid (i959J. ot be detected by 

The behaviour of die blind sacs “"“l and ventral sacs, 

pressure changes within the main cavi c ^ f ,),<• dorsal 

£ s' — r » * ”“" J 
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the sac to follow the second contraction of the pillars The contraction 
of the dorsal blind sac itself is coincident with contraction of the main 
bod) of the ventral sac 

The contractions of the ventral blind sac arc more \ amble than those 
of the dorsal blind sac A contraction of the sac itself usually follows 
the first contraction of its coronary pillars during feeding, during c 
DSV pattern of pressure wa\cs that occurs with rumination the sac 
contracts without being preceded by an appreciable contraction ol the 
ventral coronary pillars and coincides with the secondary dorsal sac 
contraction. As the secondary dorsal sac contraction imolves a 
powerful contraction of the dorsal coronary pillars which represents 
the final stage of the dorsal blind sac contraction, the contractions o 
both dorsal and ventral blind sacs overlap each other The ventral 
blind sac contraction that is common during rumination is followed by 
an exceptionally strong contraction of the ventral coronary pillars 
Table 7 1 gives the incidence of the patterns of pressure wases as 

TABLE 7 1 Incidence of pressure u aves in the rumen (per tenf) 

<*£ (b)t _ 

Primary Modified Secondary 
„ pnmary 

D DV DSV DVSV Others pV) P) ( sV > 

Feeding 1 27 5 56 II 55 4 

Resting 10 35 25 22 8 t 3 , 34 

Ruminating 2a 28 37 6 7 25 43 3 * 

4. ToU ! num bcr of patterns analysed under (a) 5 995 
T The analysis under (b) excludes the group * Others of (a) 

determined m four cows fed on freshly cut red clover figure 7 1 
represents diagrammatically the mam movements of the rumen 
cows and their sequence during feeding and rumination It should 
not be overlooked that variations that cannot be classified occur in the 
cow This is especially true of the blind sacs and of the two blind 
sacs the ventral is more variable than the dorsal When recording 
t esc movements it is a common experience that initially in any 
experiment great variation may be found presumably due to manipu- 
anons necessary when starting Variation is greater when the cow 15 
tW V ' h= “ *' “ pkcld - CllaI1 S= activity from feeing » 
unmml rCStmg t0 ruminating to resting may cause 

unusual variation during rumination and the early stages of feeding 


230 



NO MOVEMENT 


FEEDING 
PRIMARY WAVE 




RUMINATING 
MODIFIED PRIMARY WAVE 





Annual Health, Production cutd Pasture 

the activity is most stable, providing the animal is not distracted Th c 
descriptions given here apply to the periods of stability m pattern that 
can be recognized during rumination and feeding rather than to peno 
of transition, distraction, or of resting It w ould be unwise to assume 
that the small ruminants would give the same patterns of activity a* 
those found in cattle The same types of movement seem to occur 
but their frequencies may be dissimilar 


RUMINATION 


Cattle and sheep spend approximately one-third of their time 
ruminating The distribution of ruminating periods throughout the 
daylight hours vanes but the greater part of rumination in sheep occurs 
during the period 12 noon to 12 midnight (Gordon, 195*0 
material regurgitated seems to come more from the anterior sac of the 
rumen than from the reticulum and the material entering the oesopha- 
gus has the consistency of a coarse gruel Coarse food recently 
ingested does not form the bolus as it passes backwards to the rumen- 
After rechewing, the solid material is sw allow ed again to the reaculo- 
nimen sac Liquid is swallowed at intervals during chewing and also 
returns to this sac 


The mechanism of regurgitation has been the subject of considerable 
dispute which reached a climax at the end of the nineteenth century 
Two principal concepts were put forward. Colin (1886) contended 
mat increased pressure m the reticulo-rumen sac was the principal 
force moving semi-fluid food mto the oesophagus, Toussaint (1875) 
contended that a fall of pressure m the thorax due to an inspirator) 
effort with a closed glotw is translated to the lumen of the thoracic 
oesophagus so that a fill of pressure m this organ causes food to flow 
mto it. Most of the subsequent work supports the second view and it 
“ easy for anyone to insert his hand mto the rumen of a fistulated 
cow , to work the hand forward to the region of the cardia , to stimulate 
nmnnauon by stroking the wall of the reticulum with the fingers and 
en to feel the movement of food through the cardia When this u 
done the impression gamed is that food is drawn mto the oesophagi 
rather than pushed in by a rise in pressure m tbe region of the cardia- 
preliminary contraction of the reticulum occurs before tbe usual 


biphasic contraction and is 


accompanied by the entrance of food into 


thf* rvr I uy lilt aiuiiu-l ui iw- — 

immediately after this the usual biphasic contraction 
r , , um Allows During regurgitation the cardia dilates and 
tunnel shape is formed through which food passes rapidly Them 
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is no doubt about the fall in pressure in the thorax; ^P^^ence 
supports this concept, while a fall in pressure also occurs m , 

oesophagus (Stigler, 1931). Bell (1958) has recently recorded a sharp 
rise hr pressure in the ‘antrum’ of the rumen during regurgitation in 
intact goats and considers that this materially assists the passage of food 
into the oesophagus. Stevens and Sellers (i960), however, have 

re-investigated the pressure gradients in ruminating cat ervi 

fistulae and find little evidence that increased pressure in the reg 
the cardia occurs; they conclude that the movement of food into the 
oesophagus is due mosdy to the decreased pressure within its lumen 
"Whether the oesophagus itself actively contracts and owing to its 
attachment to the diaphragm forms the funnel s ape as sugge 
Wester (1926) is not proven. The oesophagus consists of mated 

muscle and it can be seen to ddate in its thoracic portion durm E «g ur S " 

tation (Czepa and Stigler, 1926). The more recent °, s , . , 

Webster and Cresswell (i957) m which traine s eep . 

tracheal carmula were examined showed that they could "e 

just as easily with an open trachea as a close one. a 
that suggests that a combined contracnon of the ““ 

diaphragm is possibly the most important operative o 

Although regurgitation normally occurs immediately after the ifirst 
of the three contractions of the reticulum it may occur at other _um 
(Downie 1054I By inserring the hand into the rumen and placing it 
in such a position that it obstructs the flow of food into th =° es °P^E 
the author has found it possible to induce a cow .0 regurgitate as many 
as four times in between each biphasic reticulum con , , ‘ , 
efforts appeared to be made voluntarily to obtain enough cud l to chew 
and did not appear to be related to any particular stage o cwftunon 
or rest in the rcdculum or rumen. It is also possi c or g g 
to occur in animals in which the reticulum movements have been sup- 
pressed by injccrion of atropine (Wester, 192 , un » , 

contraction of the redcnh.m cannot be considered as 
of the mechanism. Contraction of the diaphragm or W™ in 
mtisdes, however, may aid regurgitation by increasing intra-abdomin 
pressure. 
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(Washburn and Brody, 1937) and the evidence indicates that it is 
formed by reduction of carbon dioxide Succinate, formate an 
hydrogen are hydrogen donators for this reaction when it is accom 
plished by rumen bacteria (Beyer, 1952) The rate of conversion o 
hydrogen and carbon dioxide to methane by rumen organisms is more 
rapid than the formation of carbon dioxide from formate, a reaction 
that is quantitative, and this provides a reasonable explanation for t e 
virtual absence of hydrogen in the rumen gases and of formate m t 
fatty acid mixture of normal animals (Carroll and Hungate, 1955) 
Hydrogen appears in the rumen gases in quantity after a period at tas 
(Pilgrim, 1948) and under these conditions methane is absent T e 
change from hydrogen to methane occurs over a few da) s when reeding 
is resumed 

The remainder of the rumen gas is composed largely of carbon 
dioxide derived from fermentation of carboh) drates, and released as a 
result of neutralization of organic acids by salivary bicarbonate Traces 
of nitrogen and oxygen may appear in the rumen as the time after 
feeding increases (Washburn and Brody, 1937) This is due presum- 
ably to swallowed air but oxygen is rapidly removed for the propor- 
tion of nitrogen to oxygen is much greater than in atmospheric air 
The early observations on belching, summarized by Mangold (i9 2 9h 
show that it is more frequent after feeding and during rumination than 
when the cow is at rest The frequency of belching has an unmistak- 
able relationship to the frequency of rumen movements that can be 
observed in the left lumbar triangle An association between belching 
and the secondary wave of contraction of the rumen was cstabbshe 
by Wester (1926) and has ample confirmation (Weiss, 1953 , Williams, 
1955, Reid, 1957) Changes in the frequency of secondary rumen 
contractions were observed by Williams (1955) on commercial dairy 
cows, and on observations made on over 250 animals showed that the 
secondary contraction occurred m 74 per cent of the animals examined 
The association of the secondary rumen contraction with belching 
suggests that the stimulus that causes the one may cause the other 
Weiss (1933) postulated that pressure m the posterior part of the rumen 
caused belching but recent work (Ash and Kay, 1959, Comhne and 
Titchen, 1957) on the sensitivity of the reticulo-rumen sac indicates 
that although tactile stimulation of the posterior pillar may reflexly 
cause an increase m the incidence of reticulum contractions and saliva- 
uon, the anterior pillar and particularly the reticulo-rununal fold, and 
c wall of the reticulum itself, are more sensitive The propulsion of 
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gas from the dorsal sac to the region of the cardia occms durmg the 

secondary' rumen contraction and Stevens and Sellers 

that the cardia opened during tins contracnon. The^utdsmnuu 

that causes the cardia to open so that gas passes mto the 

not understood, for belching sometimes occurs rmmed.ately after the 

tnph,. when «md They ntervcd fh.t the 

gus about two inches anterior to the cardia , an W * Dougherty 

the oesophagus immediately posterior to tie p rym . 

and Habel (! 9SS ) give the senes of events as foUows: {i b.pha c 

contraction of the reticulum occurs; (2) contraction and raismg of^lU' 
reticulo-rumhial fold; (3) the passage of gas forwardf fomthe ^rumen 
which may completely fill the reticulum, (4) mere j 

and dilatation of the oesophagus; ( S ) relaxation of the card a and o 
the area immediately antenor to it; (6) continued do sure 1 of the nipper 
end of the oesophagus so that the ocsopliagus 1 s wi g , ( j 

of the cardia and its adjacent area of oesophagus; and “ 

glottis causing a transient rise in intrapleural P«ssur wluch a,ds the 
oesophageal musculature to clear the oesophagus 
relaxed upper end of the oesophagus. It is of considerable mter«t 
that Dougherty and Habel (i955) observed t la 
filled with water so the cardia remained submerged " h »g ™ 
then stimulated with gas insufflation, the oesop gus . j 

but the cranial end of the oesophagus did not relax, = 

response to liquid and gas was different in an miportant way^ 
bloating, belching persists in the early stage; as P°” tc d > J 

butit is possible that as the rumen bccomcs dutendcd wn.h foam foam 

rather than gas enters the ocsopliagus and under thee 
may be unable to escape if foam has the same effect on the upper end 
of the ocsotducus as that found for liquid. , « 

With Sheep With a normally filled rumen the events ' h “ 

gas is not introduced into the rumen are not so o vl ° 1 ' reticulo- 
fall in the fluid lcvd of die reticulum occurs regularls , the ret.tnllo- 
runienal fold forms a partial and temporary barticr unmcdia cls a c 
the reticulum contraaiou in the manner described by f 

Meredith (195}) and the activity or the cardia and the sensmvc ate 
the oesophagus immediately caudal to it can be observed (Bcnne and 
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Phillipson, 1957) In addition dilation of the reticulum, as suggested 
by Weiss (1953), can sometimes be observed 


THE CHEMICAL CHANGES IN THE RUMEN 

The bacteria and protozoa m the rcticulo-rumcn sac live on the food 
eaten by the animal and two classes of materials are formed in the rumen 
as a result of their metabolism These are (1) the complex molecules 
that go to make up bacterial and protozoan cells , and (2) the simple by- 
products of their metabolism The extent to which food is digested 
in this way has been estimated m cattle by Balch et al (1955) ^ m 
sheep by Hogan (19576) who concluded that about 70 per cent of the 
digestible dry matter disappeared in the rumen with cattle or in the 
whole stomach with sheep The by-products of microbial metabolism 
in the rumen include the lower steam volatile fatty acids ammonia 
B vitamins, carbon dioxide and methane Estimates of the total 
quantity of volatile acids m the rumen of sheep fed on grass (Elsden 
Hitchcock Marshall and Phillipson 1946) or on a dry ration (Boyne 
et al 1956) vary from 0 8 to 1 1 equivalents The total weight of 
individual acids in the reticulo- rumen sac of two cows fed on 16 lb 
hay and 20 lb of a concentrates mixture consisting of flaked maize i° 
parts weatings 7 parts decorticated groundnut cake 3 parts with 0 5 
per cent mineral mixture were determined by Balch et al (i 955 ) 
the mean figures are aceuc acid 314 mg propionic acid 160 gm and 
butyric acid 101 gm Other C 4 acids together with C 5 and higher 
acids amounted to 59 gm when expressed as valeric acid These 
quantities give no indication of the total turnover but even so they are 
rge enoug to indicate that these acids are an important product of 
lamentation in the rumen 


THE PROTOZOA 

TIk & !t thing that is obvtous -when a drop of warm fehly-draW 
3L 1 ? r kKd the microscope .. die abater 

swim ra P‘% among the plant debns Their activity 
fieccnnnrTe provided the preparation is kept warm Therear. 

tettom are d 8 ™£ “ 't Iuch “gamsms are assigned and class 
, BKkci “ d Talbott (1917) and Mangold (t 9 ») 
the n Tt r V Pr ° mt “*«= that these are Silenced bj 

counts of ahn ° C Pood Mo wry and Becker (1930) recori 

counts of about noo 000 per ml for sheep fed on hay alone andaooooo 
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per ml. for sheep fed on hay with a supplement containing trnd 

starch. Similar variations in relation todret ^ 

Wath and Myburgh (I94 1 ) hi Sout h Africa. e V 1 se ems to 
even though the same quantity of food is eaten per 
influence the concentrations of protozoa in the ™m» (Mom “d 
Somers, 1956). The contributions made by the ™ mc , not 
non to the total chemical changes occurring m e indicate 

been assessed hut sufficient is known of therr metabohsm to indica^ 
that these contributions arc likely to be apprecia e. soluble 

belonging to the order Holotrichida are known to ferment soluble 
foddet carbohydrates rapidly forming, bes.dcs voiatde acids, a ^oly^ 

saccharide within them in the form of granu es 1 . can f orm 

pectin (Forsyth, Hirst and Oxford, 1953)- ls _ . 

up to 70 per cent of the dry weight of these Tht sa tmty 

is unaffected by the presence of high concentrations by the 

that there is no doubt that the enzymes concenie P amylo- 

ciliatcs themselves (Heald and Oxford 1953 ■ J^Se to g ve 
pectin is metabolized in the 

rise to a mixture of acetic, butyric and lact dilates ingest 

hydrogen (Heald and Oxford, 1953)- Many of * 
starch granules if these are small enough roentertherp nmx 
starch granules are also converted to p^ent 

Ciliates also seem to be responsible for so 

in the rumen (Warner, 1956)- , m a lso not cd 

Gruby and Delafond (1843). who discovered the 
that these organisms were dead and disintegrating , Dea( j 

contents; an observation that has been repeate y Masson, 

ciha.es have also been found in omasal contents (Ferbcr, 19Z8 
1950). The substance of these organisms, **^^££%* to 
digestion in the abomasum and small intestmes and so contr 
the nutrition, of their host. 
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provides larger figures still but with less variability There is no 
certainty that all viable bacteria will grow in any one medium and 
in direct microscopical counts there is no ccrtatnt) that all the cells 
counted are viable so that both methods have their lunitanons The 
pitfalls of trying to make counts arc emphasized b) the vv ork of Bryant 
and Burkey (1953) who give comparisons of the effect of variation in 
technique in handling and diluting the samples upon the counts 
obtained The) give 1,700 million per ml as a representauv c figure 
for the concentration of bacteria estimated by dilution counts using a 
media containing rumen contents under an atmosphere of carbon 
dioxide and 20,200 million per ml for the concentration estimated b) 
direct microscopic counts of diluted stained smears of a known aliquot 
Oxford (1956) considers that a count of 100 million bacteria per g m 
of rumen contents is an indication that a given class of bacteria is 
present m abundance and that counts of one million 


per gm 


indicates 


that the class may be of some importance but is not plentiful Wilson 
and Briggs (1955) have estimated the number of viable bacteria per g m 
mCI1 contcnts °b tamed from fistulatcd cow s fed on various rations 
and find the majority of values arc from 100 to 10,000 million bacteria 
per gm They noted that counts for samples taken from different parts 
of the rumen showed wide variation 
Gall, Stark and Loosh (1947) found from 30,000 to 100,000 million 
bactcna per gm of fresh rumen contents of sheep ustng a direct 
counting method This method has been used extensively by Mote 
and his cofleagues in Western Australia in order to examine some of 
proba “ e f actors ^ may influence the population in the rumen 
iney worked on samples of rumen contents withdrawn b> stomach 
u e an estimated the so-called free bacteria, 1 c the bactcna present 
m the hquor and not attached to plant fragments Representative 
Mw*i95i) hC ' CP atC fr ° m 20 t0 40 P er m™ 3 (Williams and 

of the concentration of bactena when this is made by 
there m k U °j k as led to the opinion that even though 

,1,,,. t ^ Ca effect this is largely overshadowed by variation 

direct r K ° l!miC f a ' Q8 Far less variability has been found by the 
m ?le 8 " clm “»“es and here there is indication that vanatton 
WimLT” 1 ? 3 ?™ tcW *° *' f °° d d °es occur Molt and 
n to ni o that ““casutB *e protein of the ration from 

related ,„_^ m ^ Cr , ^ m ratI °ns containmg starch caused a closely 
related increase in the free bactena! count 1 The mduston of starch. 
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however, seems to be essential if this is to respect 

of rations with no starch lotion of 

(Williams, Nottlc, Moir and Underwood, TO!)- 
starch to low protein rations depresses the bacteml 
(1951) also noted a seasonal fluctuation m the d “ cct the t m 

tube samples taken from grazing Merino s «ep ' ' _ j warm wc t 
Western Australia. Seasons of rapid growth <£&**** w 
seasons— were associated with an increase “ a ^ propor- 

There is reasonable evidence to indicate that change n 
tion of one hind of organism to another does ^occu 

Bryant and Burkey (i953) foubd tiut 1 e pt P f y, tota i num bers 
hydrolysing organisms feU to ^outj pe^ ^ ^ ^ t0 

isolated when a concentrates ration w , ibout 8 per 

as per cent when wheatstraw alone was fed; Remained at about 8 per 

cent of the total for other rations. The 

bacteria in the rumen of sheep when excessive q Dougherty, 

glucose are given have been described * 

Bryant and Cello (1952) and for sheep fed a ration • mcntationi c har- 
by Masson (1950). Under both umtlt ies, is set up. 

acterized by the production of lactic acid g SL num bers by 

Streptococcus bo vis was demonstrated to ®P re ^ en . c n0 rulatinQ; rod — 
Hungate e( *!. (1952) and in flake-maize fed sheep a sporulatmg 

presumed to be Clostridium butyrictim was oun . fragments 

Baker studied the associations between ta*™ ■ “^SfbTen 
extensively by microscopic < ixamination a ^ T the rabbit, 

apphed to the contents of the large gut t Plant frac- 

£ pig and the horse as well as to the rumen contend. 

meats are attacked by cocci which erod • r ce Uulose 

The use of polarized light indicated that ^^“^“tria 
occurs in the areas immediately adjacent to the y ^ 

concerned invariably possessed die property o r o_ crt y j s no t 

iodine indicarive of polysaccharide formation. Tht P P V 
confined to organisms adherent to plant particles m Ac 

common to a great many of the bacteria in 

bTSte offered by Moir and Masson 

fe^^S53SSKS£=H5 
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organisms in the abomasum A large number of bacteria in the 
rumen arc facultative anaerobes and Heald and Oxford (1953) estimated 
the concentration of such organisms as 100 million per gm of rumen 
contents in hay-fed sheep Ncarl) half of the strains isolated prosed 
to be streptococci of which 82 per cent resembled Sir boi is, 6 per cent 
Str faccahs and 12 per cent were unidentifiable Staph) lococci were 
also isolated and also cohform organisms of the intestinal types A 
large Gram-negative sarcina-hkc organism named Sarcina baker 1 was 
isolated and a few strains of Gram-negative rods (Mann Masson and 
Oxford, 1954) Many of the streptococci resembling Str boi is and 
other streptococci have capsular polysaccharides that arc scrologicallv 
active (Hobson and MaePherson, 1953), and the Ncufcld capsular 
swelling reaction has been used to distinguish betw ccn isolated strains 
and to demonstrate the presence im situ in the rumen contents (Mae- 
Pherson 1953) Labelling the specific antibody with fluorescein 
isocyanate enables bacteria on which the antisera is absorbed to be seen 
in ultra-violet light (Hobson Macka) and Mann, 1955) 


THE DIGESTION OF CELLULOSE 

The isolation and study of cellulose-fermenting bacteria from the 
rumen by Hungate (1944 1946 1947) and Supesteim (1951) g* vc 311 
in ication of the kinds of organism concerned and information of their 
requirements and metabolism Also the more recent work of Br)ant 
an ur ey (1953) indicates the proportion of the total population of 
c rumen of cattle that possess cellulolytic properties They isolated 
02 strains of cocci some of which produced capsular material and some 
a y e ow pigment, and 56 strains of slender rods occurring in pairs but 
no in c ins, some of the rods formed ‘rosette’ clusters giving a 
similar appearance to the ‘rosette’ bacteria described by Baker (i9-p) 
" 8 St ” ms r l c P rescnt abo *t 13 per cent of the total strains of bacteria 
aU ~ that were isolated The vanation of the numbers of 
celhdolytie bacteria in relation to diet has been mentioned earlier 
.. u „il 1 °. ftbc degradation of cellulose by bacterial enzymes 

^ thcrc 15 Uulc d°ubt that the end products offer- 
piomc anrl ' ,r , miXC L rume f or S anism s is a mixture of acetic and pro- 
ses (S'; 8 dioxide and methane Certain 

rumen free ifV 1947 Produce hydrogen not methane, but in the 
source of b ^ roge11 I s ta ^ ccn U P m other reactions and may serve as a 
amounts of ^ ro S etl f° r methane formation Approximately equal 
of scene and propionic acids ate formed by the fermentation 
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of filter paper by ^ mixed c ^MaKtonralculates that 

it Ate bacteria the^dv«. rted Bentley et ( 19S4 ) 

The presence of C 6 and G 6 acios r ' Dnetsch (1QS4) 
as stimulating cellulose fermentation and 1 in add give he 
find that one S straight chain acid and «***£?*££?$ other 
hest growth with Bocteroides sttccmog 
factors is discussed by these workers. 

THE FERMENTATION OF STARCH ■ -f 

Bryant and Burkey (i953) ^ * eir j^at of'thestrXs isolated from 
cattle fed on six different rations found that ot the stram rarions 

the rumen from 32 to 56 P er cent y ^hlndie proportion dropped 
except when cows were fed straw only. Thenthep^p^ ^ g ^ 

to less than ao per cent. Al "°^ ' "f (l954 ) have found Sir. bonis 
coccus bonis. Higginbotham and i I ^ rations or at 

to be constantly present in the rumen o-i-io millions 

pasture but in comparatively °'y °”“ n ' ( I9 j 5 ),' however, found 

per ml. Perry Wilson. Newland and B«gS ^Z cenmtion of Too 
streptococci in the rumen of stall-ted cat criteria used in 

nullion/ml. when hydrolysis of stare ^ ^ nli ffi 0 n ml. were 

identification. Even higher counts, , ea reciprocal variation 

found in grazing animals. idcnti fied as Sir. bonis) and 

between streptococci (all or wmen ^nmerous at crass but 

lactobacilli (presumptive). The f°™« ' V “ hen l acto hacilU became 
not when stall-fed rations were giv 

Digestion of starch in the rumen is “^tah 

food starch leaving the rumen, P ° S „J L j4 ) found very little 

excessive quantities, is not large. Gr y l , h ay with or 

starch in the abomasal contents of sheep fed °"™“^ et lLm 3 to 
without potatoes. The starch content of "T aT Z expression 

DO gm. daily (these authors arc carefu o p ^ described by 

starch’ includes capsular polysacchand hcn app l; c d to 

Hobson and MacPherson (i953) and r a t L it i 5 

stomach contents), whilst on the b-s ofstardWl.gnm 
calculated that the amount of starch pass g S ^ ( ip5 i) 

daily is only x-8 gm. This estimate 
who determined the glucose-containing } 
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contents of sheep and estimated the quantity passing from the abo- 
masum per 24 hr to be in the region of 5 gm in sheep fed on hay 
The products of bacterial degradation of food starch are short-chain 
fatty acids but the establishment of a lactic acid fermentation with 
starch feedmg is known to occur (Hungate et al , 1952. Phillipson 
19526 , and Balch and Rowlands, 1957) The occurrence of lactic and 
in the rumen is also associated with a reduced concentration of acetic 
acid and an enhanced concentration of propionic acid in both sheep 3nd 
cattle, conditions that are also associated with a depression of the butter- 
fat concentration in cow s milk 


THE FERMENTATION OF SUGAR 

Numerous streptococci lactobacilh and other bacteria are capable of 
fermenting fodder sugars In addition the holotrich and certain 
hetcrotnch protozoa perform the same function in the rumen The 
result is that the ruminant absorbs little or none of the soluble sugar 
of the ration but instead obtains the short-chain fatty acids that are 
formed, notably acetic and propionic acids Lactic acid may appear 
temporarily in the rumen where foods such as mangold-wurzels con- 
taining sugar are fed, or where large experimental doses of glucose or 
cane sugar are given Lactic acid however, is not stable in the rumens 
under these conditions and bactena capable of fermenting it to acetic 
and propionic acid are usually present (Elsden 1945, Johns I 9 S 0 
Less is known of the pentose sugars Mixed rumen organisms are 
own to be able to ferment xylose, and pentosan isolated from wheat 
flour was shown to be rapidly fermented (Howard 1955) Tbc 
products of xylose fermentation are acetic and propionic acids, rather 
css butyric (including isobutync and) and traces of formic and 


PROTEIN 

Proteolysis by mixed rumen bacteria m s found by Sym (1938) * 
amcr (1956), it is alio known that protozoa-nch fractions of runu 
comtnts pos s„s proteolytic properties (Warner, 1956) Applet 

trol 5 !/ “ m ° st occurring organisms with po 

ttoljuc properties were fkultattvc anaerobes of the genus Baclllo 

whieb^ ° U ' °/ nv , c "f- f ° ur ’«■■» were idenufied as B Ukatfm 
“ U " d m ddunons of i/io<-i/io Other protcolyf 

bartena and btatcora' ^ G «m-neganve rods. Coryn 

r ^* 1C proteolync activity of rumen conte 

=P as found by Warner (1956) to be consistently high irrcspe 

342 
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tivc of whether the sheep was fed on 3 'TrioT'lUiotcd that the pro- 
ptotein ration. Blackburn and Hobson (19 . ' were similar 

teolytic acdvitics of various fractions o ,™^ butc d throughout the 
so that the activity was cveriy ^ ^ to th ose of 

rumen organisms present, lhcy o identification methods and 

Appleby (1955) by *<= use of Ration »d ^Mgniscdby th'* 

they conclude that the concentrations o g nt on l y a small 

techniques as possessing proteolytic P r °P cr 1 Even t h oug h the pro- 
fraction of die proteolytic organisms p . markedly influ- 

teolytic powerk rumen 

enced by the protein content of the foo , Shazlv 19250, b\ 

be increased when protein-rich foodstuffs are fed (el W 1 > S . 
Warner, 1956). The free ammo acid 

generally small (Lewis, 1955 i Chalmers an y®6 • s e ( 1957 ) as a 
sient increases occur after heavy protein e ■ rumen and of 

result of the studies on the degradation o pro :m emJ?h asizes 

the value of various protein sources /.volution of ammonia 

‘the usefulness of measuring the ' d otem utilization 

in the rumen as a first exploratory step in y> B P 
in the ruminant’ (Fig. 7.2). . f , number of 

Recent studies on the nitrogen requirem h ave m absolute 

rumen bacteria show that m vitro only . ority can utilize 

requirement for amino ntaogen in the 

ammonia nitrogen and the presence u The incorpora- 

mehahobUgatory for growth fccettamotgaiu^.^ ^ found by 
tion of ammonia mtrogen in mixed rum g rumen by 

Warner (1956); in starch-fermenting bacteria from «llu- 

Philhpson, Dobson and Blackburn (1959) an m . e R b inson (1961). 
lolytic bacteria by Bryant (i960) and Bryant and B^mson f 9 1 

U is also known that urea can substitute for a ““‘“Subject, 
protein of the ration and a voluminous literature Sm ith 1943a, i>) 
The presence of a urease in rumen liquor (Pearson domination 

and the production of ammonia from urea sugg nitrogen is 

of urea is the first step in at least one route 1 whereby 
incorporated into bacterial protein. Sheep have been h 
ratiom in which virtually the sole source of dietary mtrogen is m t 
form of urea and have made weight increases (Thomas Loos , 
Williams and Maynard, 1951) but perhaps the most telling cvi cu t 

tha^ giver^by Latidand Virttuictl (1 959) who tiTlactating 

salts in. which the nitrogen contamcd 61 atom / 0 of N g 
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cows and showed that excess «N was incorporated 
of the milk. They consider that the 

ammonia nitrogen given was utilise P net cent of that 

quantity excreted in the urine and faeces was a o P ^ 

administered. The contribution that bacteria thcmelvcs n*ke * » 
end product of digestion in the rumen was discussed by Thayer ( 1945 ) 
who gave as a very conservative estimate a figure of 400 
bacterial substance passing to the omasum per 2 + h ° u • ; tc a 

tainly an tmdercstimate as it ignores the protozoa. It do g ^ 

long way, however, to substantiate fire opunon,frequcndy expressed by 

Baker, that the cell substances of the micro-organisms < rftte rumen 
are quantitatively important sources of nounshment to theu tos 
The range for die concentration of ammonia nitrogen in sheep 
ing New Zealand pastures was found by Johns (1955) 3 d 

130 mg./too ml. of rumen liquor. The sheep in qu««on we e placed 
in stalls overnight so that fasting levels coidd be obtamed b rfo« th 
animals were turned out to pasture and samples were taken agam abou 
six hours after they were turned out «o pasture. ““ 

Christian (195*. b) in an area further north m Z ^"m'a 

values in sheep which had free grazing from 9-1 to 4 • , 

nitrogen/ too ml. Uquor. These values are similar to those for hign 

protein rations fed indoors. 

THE COURSE OF DIGESTION IN THE RUMEN 

The fluctuation of the concentrations f. th =X°rumen of sheep 
stituents of rumen Uquor has been studied in the the rumen ofsh . p 

and cattle usually by ^^“^ ^The first feature is that the 

sssrsMsistj "*■ s ag 

of the contents (Briggs, Hogan and Reid, 19571 Bal * “j^on of 
(Fin 7 aV the exception occurs when there is an accumulation or 
lactic acid which may be rapid and transient and which is assoa d 
with a Sharp fall in pH which again vanes mversayvothtiieacuc 
concentration. Briggs and his colleagues found that die ^dauo 
tween t>H and lactic add was as significant as that between ptl 
volatihfadds The increases of total volatile add concentration are 
small following feeds of hay but large after feeding concentrated 
cc rairle grazing pasture grass have a consistently lower p 

of the mmen contents than when fed on dry indoor rations unless 
these are rich in starch (Phillipson, 1941 . 195=1. Baleh and Rowlands, 
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_ Fic 73 

Diet i_ 5Iogm wheaten chaff plus 170 gm lucerne chaff 

2-150 gm wheaten chaff 50 gm lucerne chaff 480 gm 
wheat and 0-85 gm. wheaten starch. (From Hogan and 
Reid Aus I J egne Rts 1957 8 p 674 ) 


1957) when a lactic aad fermentation is set up and a low pH is found m 
the rumen. 

The proportions of the various fatty acids present are not entirely 
constant relative to one another throughout a digestion cycle, and fol- 
lowing feeding ,t is usual to find the proportion of propionic aad 
RowT”? at the c *P cnse acetic aad (Gray et al , 1954, Balch and 
Rowlands 1937, Bnggs et al , 1957) sheep at grass have about 53" 
72 per cent accnc aad and 15-27 per cent propionic and in the rumco 
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liquor ; the remainder consisting of , 1 - and isobutyricacidsand concentra- 
>955). Only traces of lactic -dJ«P«£ "“^cadUy 
tions increase after feeding, especially sa ]iva con- 

available protein or other nitrogenous ™ m P° u ' . ^ feeding 

tains appreciable quantities of urea (MacDonald ^^ndas^g 
stimulates salivary flow a part of the amnion abvary origin, 

though this may be only a small part-.s probabl T ^ 

As the submailary and sublingual g^“™“Srma- 
may also be a source of ruminal ammonia but y f ^ ssib ] e 

tion on the fate of sahvary proteins in t e ri metabo li sm . 

significance in contributing amino mtrog . dioxide is derived 

Gas production following feedmg is large; car • ;j s by 

fiom fermentation and from the neutralization of org « « £ y 
salivary bicarbonate. Another possible source is f " p ami 
an exlange mechanism concerned with orgamc acid absorption. 
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that the rumen epithelium is relatively impermeable to hydrogen and 
hydroxyl ions, moderately permeable to bicarbonate, and readily 
permeable to carbon dioxide (Ash and Dobson, 1961) When fatty 
acid is absorbed an increased consumption of carbon dioxide occurs, 
superimposed upon an increased rate of appearance of bicarbonate is 
the rumen contents, which suggests that half the fatty acid absorbe 
from solution with a pH of 7 is absorbed as free acid, and half as t e 
anion Neutralization of fatty acids in the rumen, therefore, is due 
not only to the bicarbonate content of the saliva but also to the exchange 
mechanism studied by Ash and Dobson 
The fatty acids and ammonia are always present in the rumen in 
concentrations higher than that of blood and as the epithelium is P cr " 
meable to them absorption is continuously occurring There is so® c 
indication that acidity may depress the adsorption of ammonia (Hogan, 
i9S7a> h) The composition of the acids in the rumen and in the venous 
blood leaving the rumen is similar except that the blood contains less 
butyric and more acetic acid A comparison made on grass-fed sheep 
is given in Table 72 

TABLE 72 Mean values j. or three grass-fed sheep 

Venous blood from the 
posterior vein leaving 


Acetic 
Propionic 
Butync 
Higher acids 


Rumen 
contents 
per cent 
63 1 
176 


the rumen 
per cent 
69 3 
18 1 
6 4 
6 2 


The values for venous bloodmTablc 7 2 were corrected for performed 
acetate circulating in the attend Hood Similar results have been 
oburned by Anrnson, Hdl and Lewis (1957) who used the elegm* 
technique of portal vein catheterization in conscious sheep to com- 
pare portal blood with carond blood and rumen contents of normall) 
tceding sheep These figures whrch arc not corrected for preformed 
2cenc show greater trends in the same dncction as those given m 
l able 7 2 Portal blood also contains fatty acids from intestinal sources 
although the close relation observed between rumen and portal 
concentrations suggests that the quannty denved from the lower part 
01 the ileum and large gut is small m companion to that of the rumen 
c }e (l 9 ijfl, b) estimated the blood flow in the portal vein o 
■cep to rom 31 to 44 ml /mm /kg and combining this with esti- 
mates of excess volatile &tt> acids and glucose in portal Hood com- 

24B 
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p».i » h~4 >■“ 

*.» .=«»»■ *; v ' c " “ fro „ ,h, dmuty 

^Xi£i2S&r$*. f.7 “~asi 

sodium. Chloride and potassium in physiologtcal concent W on 

behave as passive ions. Vegetable food and pasture , gra contam aT° 
of potassium and comparatively little sodtum and tbs 
enhanced by potassic manures. Hlg1 } the potential 

rumen have the effect of increasing by s tnnWm in sol 

difference between the blood and the rumen contents (P°W 
The sodium eaten in the food is considerably augmented by s^odmm 
secreted in the saliva; even so, the concentration m , 

been known to exceed that of the plasma 

Estimates made by Dobson (1961) indicate t a a fraction 

sodium enter the rumen of sheep daily, and of this 
is in the food, the bulk being present in the saliva. Abou 0 5 eqmv. 
have the rumen per day, indicating an 3 dsor P“°" c ° ye of the s0 Lm 
per day from the reticulum and rumen. Ir p ca mv. are 

entering the intestine in the secretions, about ’ V <j; um 

excreted in the faeces which is an indication of t le e 1 Cf j lum 

absorption in the gut. The work of absorption m relation to sodimn 
is considerable as sodium has to pass to the P a ? m3 .‘ g t fj e work 
electrical and chemical gradient. Dobson (* 959 ) e _ j 

done by the rumen epithelium in absorbing sodium is not less than 

.. " ^ " A 

with solutions of known tonicity, water moves in , m ^ 

hypertonic solutions arc introduced and out of the r , 1 mc equi- 

tonic solutions are introduced. The point at which 
librium is reached and little or no volume changes can .be dettettd 
is when solutions of o-r 7 5 m.mol./l. are introduced into the rumen 
(Dobson, 1961). 
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that the rumen epithelium is relatively impermeable to hydrogen and 
hydroxyl ions moderately permeable to bicarbonate, and reach!) 
permeable to carbon dioxide (Ash and Dobson, 1961) When fatty 
acid is absorbed an increased consumption of carbon dioxide occurs 
superimposed upon an increased rate of appearance of bicarbonate in 
the rumen contents which suggests that half die fatty acid absorbed 
from solution with a pH of 7 is absorbed as free acid, and half as the 
anion. Neutralization of fatty acids in the rumen therefore, is due 
not only to the bicarbonate content of the saliva but also to the exchange 
mechanism studied by Ash and Dobson 
The fatty acids and ammonia are always present in the rumen m 
concentrations higher than that of blood and as the epithelium is P cr ' 
meable to them absorption is continuously occurring There is some 
indication that acidity may depress the adsorption of ammonia (Hogan, 
1957a h) The composition of the acids m the rumen and in the v enous 
blood leaving the rumen is similar except that the blood contains less 
butyric and more acetic acid A comparison made on grass-fed sheep 
is given in Table 72 


TABLE 72 . 

Mean i'af m for three grass-fed sheep 



Venous blood from the 


Rumen 

posterior vein leaving 


contents 

the rumen 

Acetic 

per cent 

63 x 

per cent 

69 3 

Propionic 

176 

18 1 

Burync 

14 0 

6 4 

Higher acids 

5 1 

6 2 


The values for venous blood m Table 7.2 \\ ere corrected for performed 
acetate circulating in the arterial blood Similar results have been 
obtained by Anmson Hill and Lewis (1957) who used the elegant 
technique of portal vein catheterization m conscious sheep to com- 
pare portal blood with carotid blood and rumen contents of normally 
teeding sheep These figures which arc not corrected for preformed 
aomc show greater trends m the same direction as those given m 
vu , Po i nal blood also contains fatty acids from intestinal sources 
although the close relation observed between rumen and portal blood 
conccntrauons suggests that the quantity derived from the lower pan 
i krgC gUt 15 sma11 111 comparison to that of the rumen 
bchambye (1955a J) estimated the blood flow in the portal vein ot 
sheep to be from 31 to 44 ml /mm /kg and combining this with esti- 
mates of excess volatile frtty acids and glucose in portal blood com- 
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pared to carotid blood, lie dcuhtei “hours which 

per hour were 129-153 wllcI “ these values arc expressed as 

was the interval between fads. ^ ^ Ae hcK exprcsscd by an - 

calorics they account or gl uc ose ftom tllc alimentary 

adult sheep during a fast. Uptak 3C ids(Scham- 
tract is small m companson to the up® 

V, i955«. b; Annison et al, 1957). ^ mQst h 

Of the inorgamc concentrations 

sodium. Chloride »" d pasture grass contain a lot 

behave as passive 10ns. Vegetab ^ 3nd ^ difrcrcncc 

potassium and comp potassium concentrations in the 

some 8-10 mV the potential 
mmen nave me cttccr ^ rumen contents (Dobson, 1959). 

ercncc between considerably augmented by sodium 

The sodium eaten m the food « rfon . the tumen has not 

secreted m the saliva; even so the “n ^ (Partll asarath y> 1952). 

E !I^°™;°l, C nlson (i96Vindioat= that about 1-25 equiv. of 
mates made by f ,| 9 dldy , an d of this only a small fraction 

sodium enter the rumen offaepd^y,^ ^ 5aliva About ^ cqu;v 

m the food, the bi an adsorption of about 07 cquiv. 

leave the rumen per day, indicating a ^ - f , j. lv ‘ 

!» .*• ITS: „ L 4^ r, 

Ireted ill ffieffiems which i, cn indication of the efficiency of sodium 
absorption £ the gut. The work of absorpnon m relation to sodium 
is considerable as sodium has to pass to the plasma against both an 

elecrricdandchemical gradient. Dota(i! 95J ew .mi atesrhework 

done by the rumen epithelium m absorbing sodium is not less ,h an 
rumcn “ isolated filled only 

with solutions of knot™ 

bypermme solunom are introduce^ at wWch volu^ 0 - 

tonic solutions are introauccu ^ onrrAP mc 


e qui. 


itions are imrouuww. -*“**«: 

(Dobson, 1961). 
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of the liquid and solid matter takes place It is common knowledge 
that the dry matter content of the omasal digesta of slaug tere 
animals is greater than that of the reticular or abomasal contend 
Recently Badawy, Campbell Cuthbertson Fell and Mackie ( J 95 ] 
found that the dry-matter content of the material increased c 

omasal sulcus to the greater curvature of the organ and from the reti 
cular end to the abomasal end Volatile acids are absorbed from 
organ and their concentration m the material present parallels t 
changes in dry matter so we may assume that opportunities of absorp- 
tion of both water and volatile and are greater along the greater curva- 
ture This probably means that it takes a longer tune for food to 
traverse the greater curvature of the organ than the lesser curvature 
Ekman and Sperber (1953) observed that m the omasum of cows c 
bicarbonate concentration decreased and the chloride concentration 
increased in the digesta as it was taken from the reticular end or t e 
abomasal end This confirms the overall increase m chloride concen 
trataon observed m the omasum of sheep (Masson and Philhpson I 95 2 ) 
The solid material that enters the abomasum therefore, has lost some 
of its volatile fatty acid and bicarbonate and gamed chloride in its pla cc 
{® n gg s 1961) The concentrations of ammonia leavmg the omasum 
however, are very similar to those in the rumen. 

One further change has been reported by Oyaert ( 1955 ) wbo tttl ' 
mated that considerable losses of sodium occurred in the organ I 0 * 15 
such as calcium magnesium and inorganic phosphorus are sbgh ) 
concentrated (Garton 1951) 


THE SECRETION OF GASTRIC JUICE FROM THE ABOMASUM 
The contents of die abomasum of sheep fed on dry foodstuffs indoors 
under normal circumstances arc always acidic and the pH of the con- 
tents usually vanes around a value of 3 this is true also for the sheep at 
pasture although here exceptions have been recorded when the 
acidity was Iks (Garton 1951) The fact that the flow of predigested 
tood trom the reticulum and rumen through the omasum to the 
abomasum seems to be Curly regular throughout the twent>-f° ur 
hours and the flow of food from the abomasum to the duodenum U 
also iatrly regular suggests that the apparently continuous secretion ©» 
abomasum w related to the continuous passage of 
tood through the organ Considerable fluctuation of acid secretion 
ZSTSi*** P° uch « of the abomasum have however, been 
noted b> Hill (1955) and Ash (1959) which has led to research m order 
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to study the factors regulating secretion “ d "““^“scCTedon 
(I 960 ) and Ash (1961) provide 

of acid by the fundic glands * >ntc|r “ J s j content s to the duodenum, 
contents into the abomasum ana of a . « j rL1 men free 

Emptying and rinstng the cavities of the 
of food reduces or abolishes the secretion “ ^y the abom^ 

(HU, 1 955 ) : infusing 

and the mtroduction of phosphate bun present, 

stimulate secretion but secretion is 
Secretion under these circumstam:aproceedsunnl die 
sal contents is reduced to between pH 1 9 . r j material pass- 

Inhibition in these experiments was not the result of acid maten jp 

ing to the duodenum as this mtroduction of phosphate 

tenonzed How to the duodenum. A . „ , t0 stimulate 

fatty acid buffers into the abomasum a p - - thereabouts) 

secretion. The introduction of acidic solution pH z - ° r “ ' 

into the duodenum ^ b “f d ^J“te buffer into the abomasum, 
rumen contents or fatty acid phosph mntents entering the 

These experiments suggest that the ^'"^^Xlting acid 
abomasum and its fatty content “ e ,' m f P d when dicontentsof the 
sector, and that acid seeredon , t hat acid 

abomasum is sufficiently acidic. A I V ' , j by the con- 
secretion by the abomasum can be c °* ltr ° jhauhe experiments do 
ditions within the abomasum althoug 8 from ^ ^odenum 

not preclude the possible significance 
and possibly the forestomach. 

The weight of the contents of the abomasum 
cvery labours incteases &om the second "*£££££%* the 
big although the dry-matter content shows llldcch^ ^ 
total content of dry matter according ^ - pepsin which 

(1956) has about doubled. The abomasal jmcc conuui 

is secreted continuously and the concentrat f-Jb much (Hill. 1061). 

from innervated pouches does not seem aidmals, is on proteins 

The digestive activity of the juice, as in °* rty c f hilling at 

but the acidity of the juice also has the important p P C Y 
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least a large proportion of the organisms that enter the abomasum^ 
Protozoa are very susceptible to acidic conditions and it is easy to se 
under the microscope that they are in an advanced state of 
gration in the abomasal contents Many of the bacterial ce 0 < 
their definition and staining properties and certain organisms sue a - 
Osctllospira show a degree of disorganisation (Smiles and Do son 
1955) It is wrong, however, to suppose that the abomasal conten 
are sterile, for it is possible to isolate bacteria from them but the con 
centrations are small compared to those found in the rumen 


INTESTINAL DIGESTION 

As far as is known digestion m the mtestmes of ruminants is essenU ; 
the same as it is m other animals Owing, however, to the system 
present in the stomach, quantitative differences are likely when com 
panson is made to animals with a simple stomach Thus the volume 
of pancreatic juice secreted and the responses elicited by secretion an 
other stimuli are usually smaller than those found in the dog (H 
1961, Magee, 1961) The rate of secretion in feeding is given a* 
0 3-0 7 ml /kg /hr by Taylor (1958) , secretion was at its lowest leve 
between 4pm and 10 pm but was almost constant during 
remainder of the day Continuous secretion depended upon the f°° 
present m the alimentary tract as emptying the rumen reduced secre- 
tion to negligible proportions Pancreatic juice contains a concen- 
tration of amylase similar to that of the dog but as the volume of juice 
secreted is less, this enzyme is secreted in smaller quantity (Hill, 196 1 ) 
Fermentation of carbohydrates in the rumen means that very ltttfc 
soluble polysaccharides — apart from those present in protozoan an 
bacterial cells — enter the mtestmes when animals are fed on grass or 
other fodders, or on roots Protem digestion seems to be the most 
important function of the mtestmes and Hogan (1957*1 6) (Table 7 3 j 
has made estimates of the extent of the digestion of carbohydrate and 
of nitrogen-containing substances that go some way to support this 

r,? ^ c P° Ttl0 ^ I«» of the total dry matter and nitrogen between theft** 
end the faeces of sheep fed on : oo gm hay and 200 gm concentrates every » 

{from Hogan, 1957a) 

per cent of total loss 
Dry matter Total nitrogen 
Stonuch 70 36 

imall intestine I0 

Large intestine 20 2 
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generalization. It is possible, however the '^ZsZ 

siderably the quantities of its constituen i,, ee W on cereal grains 

intact. The modem tendency to 

and other concentrated foodstuffs and to reduce seve y 
roughages from the ration may produce quite a different pict 
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CHAPTER EIGHT 


The Measurement of Pasture Output 

W. F. RAYMOND 

Introduction — Measurement of fasti, rc: heshage motive value, csti.ua, ian of herbage 
intake — Measurement in terms of animal production. 


The evaluation of pastures has received htde 

that paid to concentrate feeds, a position w thc wor j. 

traditional view of herbage as a roughage ee • in' the ioaos 

of Woodman, of Newlander and Jones, and °fWasonmthe 930 , 
which demonstrated that well-managed grass can be » kgHy *8£““ e f 
feed of high crude protein content, coupled with the 
pasture improvement by Stapledon and Ins 
Plant Breeding Station led to 

herbage in animal production. 1ms r j.. an d from 

from wartime and post-war shortages 

an apparently minor position, grassland has now <r being 

ance hi world agriculture reflected by the major research 
devoted to it. Besides its importance as livestock «-**?"*» “ 
grass in maintaining soil fertility and combating erosion has ed to 
much p K tuTe"ch in areas in which grain was previously the 

' ™fr3y. however, die main emphasis in fib on 

die breeding of improved herbage vanents, on tecds imxturcs and 

gresses. This resulted partly from the first importance of knowing 
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how to increase herbage production, but also because of the particular 
difficulties involved in measuring pasture output and nutritive value 
Much work on these latter aspects is now m progress, and is discusse 
in the present chapter No really adequate methods of pasture 
evaluation, however, are yet available 
Pasture is growing and changing in composition during many months 
of the year, its composition and nutritive \alue depend largely on its 
constituent herbage species and on its management and manuring 
It is also subject to more or less selective grazing by different classes o 
grazing stock This means that the amount and quality of the herb- 
age eaten is continually changing Thus, grazing must be looked 
on as a dynamic process, compared with the less variable intake of 
stall-fed animals, and this presents the mam problem in adequate 
pasture evaluation 

Pasture output can be expressed cither in terms of the quantity and 
quality of the herbage grazed, or m terms of the output of animal pro- 
ducts, and these will be discussed in turn It is clear, however, that 
our understanding of pasture evaluation will be incomplete until v.e 
can equate these two measures of output 


MEASUREMENTS OF THE PASTURE 

The consumption of nutrients from pasture is the product of the 
nutritive value per pound of herbage multiplied by the number ° 
pounds of herbage consumed 

HERBAGE NUTRITIVE VALUE 

Earlier nutritional studies established that herbage is of highest 
digestibility when it is at an immature growth stage, and that it* 
digestibility decreases as it becomes more mature and stemmy These 
changes are accompanied by changes in chemical composition, of 
which a decreasing crude protein content is frequently the most 
nmked Because of this association, the crude protein (C P ) content 
of herbage gradually came to be taken as the mam index of the value 
ot herbage, not only as a protein feed, but also as an energy (starch 
equivalent) feed. In fact the quantitative evidence for this conclusion 
was slight being based mainly -on a study by Watson and Horton 
U936) of the starch equivalents of herbages from a limited range of 
seeds leys From these they derived the relationship 
Starch equivalent = 0 689 x% crude protein in herbage* 47 97 M 
262 
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Thev emphasized that this equation should be applied only to herb- 

.ir^xrsa” 

A recent study of digestibility data from over 4< °°^ „ n be “veen 

Grassland Research Institute has Furthermore, a 

3B aSSdtta- (Minson and 
C.P. content in herbage representing a progressively de< neas g dig 
bility from spring to autumn. Inter-speaes bias also , ° CC ” S ' “ “ of 

the digestibility of lucerne is markedly lower than that g ^ 

Thwe rratdudeady indicate the limited value of 
index of herbage ^gestibilityv of 

gations on other herbage components. . 

fibre content has a PP eared Lmc^ter ("944-) and Hallsworth 

relationships were those proposed by Lancaster t 944; 

(1949) respectively. 

Organic matter digestibility — 94*°4 — 2*95 X % lignin in herbage [2] 
Starch equival=nt= 95 -I I - 1 *33 X % fiblC m YaA »& W 

More recently Kivimiie (r 9 6o) has published rdad onsHps 1 letsveen 
:he digestibility and die crude fibre, lignm. methoxy ;» d “ 

contents of 58 herbages. The regressions were ffound to iffer between 
timothy and red clover, and also between _ eren ^ 

specj These results have helped to confirm the condusmn drat 
chemical composition per se is most unlikely to give a» a Q f 

don of herbage digestibility. It appears that p y si orcanized, 

the herbage, fnd in particular the way ,n which the 
have an appreciable effect on the extent of digestion of *" 
ruminant Thus two herbages containing the same (chenutnl) fibre 
contents may be digested to different extents because diey have 

different physical structures. , . , j 

To overcome this difficulty various workers have nvet^ol 
biological method (the so-called in vitro or artificial rumen teclni qu ) 
which attempts to simulate bacterial digestion in e ’ - 

takes account of both the chemical and the physical 
herbage. This technique has proved of real value with !OT '-P r °«” 
feeds, but with feeds high in protein content it lias frequently given 
digestibility results much, lower than those in vivo. 

263 
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Tilley el al (i960) suggested that this might be due to the fact that 
the ‘artificial rumen' techniques which had been used involve 0 y 
digestion with rumen organisms, whilst 111 vivo digestion involves 0 
bacterial digestion in the rumen and enzymic digestion m the 
tract They suggested that incubation of the sample with 
organisms should be followed by treatment of the residue with ad 
pepsm With this technique they obtained remarkably close agree- 
ment between in vtvo and m vitro digestibility estimates with herbage 
feeds ranging in digestibility from below 45 per cent to over 80 per 
cent, and varying markedly m C P contents This two-stage in vitro 
method appears the most promising laboratory method to date tor 
estimating herbage digestibility it has the particular advantage that it 
requires only small amounts of herbage (2x05 gm dry matter) an 
so can be applied to different chemical or botanical fractions of herbage 
plants Thus it has been possible to show that, as the lucerne pbj 11 
matures, the digestibility of the leaf remains almost constant, whilst 
that of the stem decreases markedly this indicates that the level o 
digestibility of the lucerne plant is determined almost wholly by the 
proportion and digestibility of the stem fraction (Grassland Research 
Institute, 1961a) 

These observations illustrate one of the mam difficulties in apptymg 
indoor digestibility data, whether from m vtvo or m vitro experiments, 
to the estimation of the digestibility of herbage as grazed This arises 
from the selective nature of grazing by stock. Clearly the digestibility 
of grazed lucerne must depend very much on the proportion of leaf 
stem which the grazing animal selects , these m turn will depend on the 
stage of maturity of the crop, and on the intensity of utilization, which 
determines the proportion of the total crop that the grazing animal* 
will consume Similar differences in digestibility, though seldom *° 
marked, appear to occur between the leaves and stems of all herbage 
spcacs, and also between the different herbage species growing to- 
gether in a mixed sward. Thus any differential grazing, cither of one 
portion of a herbage plant, or of one species from a mixed sward 
must lead to an intake qualitatively different from that of the whole 
sward, which would be sampled for laboratory analysis As * oC f 
generally select the leafier and more digestible components of a swam* 
neglect of the selective grazing factor may lead to an underestimate m 
herbage digestibility, and this factor must be accounted for if rouble 
pasture ta arc required It has been suggested that, b) close observa- 
tion of the grazing annual, it should be possible to pluck a sample ot 
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herbage representative of that grazed, but j^st 

by collecting ‘herbage eaten’ through * ~ 

difficult to simulate selective grazing y bicdilv selective 

this sample may allow a reasonable estrmate to be made of the d.gesti 

** *** m t°V2umt°£t™ 

chemical analysis of the faeces from grazing stock; >t * 

a relationship between herbage digestrbdlty and faecal ronportm 
can be established from indoor-feeding data on a ^ f 
then use of this relationship in the field should allow the preiction^^ 
the digestibility of ‘berbage gmzcd from 1 “ “ ^ ween the nitr0 - 

ESS ttSSSA * * restating faeces samples was 
noted by Raymond (1948) • 

% N in feed=0'795 x % N m ash-free faeces+ o-u W 
and it was suggested that the N content of faeces could be tuedas^a 

measure of the type and quality of herbage eing g between 

Quite independently Lancaster (1949) *°wed a relattonshtp between 
herbage digestibihty and the nitrogen content in laeces. 

% digestibility of herbage organic matter = 
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% digestibility of herbage organic matter= 124 22— 1 


058V ( 7 ] 


(r=— o 93 ) 


(where Y— per cent normal-aad fibre in faeces organic matter norma 
acid fibre is the organic residue from a i-hr digestion with N s 
phunc aad of alcohol/benzene extracted faeces) 

These and similar relationships have been widely used in grazing 
experiments, but sufficient attention has not always been paid t0 1 
errors likely in their use Thus these relationships have often been use 
without due regard to their associated prediction errors, which have 
been large enough to make calculated differences in digestibmty 
between feeds non-significant Furthermore these errors are fre- 
quently biased, rather than random, as is assumed in regression theory, 
and arc likely to lead to biased estimates of digestibility Thus a stud) 
of the errors in herbage digestibihty/faecal N relationships has shown 
that data for spring herbages are consistently above the mean (aU- 
seasons) regression, whilst data for autumn herbages are below the 
line This means that use of the mean line must underestmiate the 
digestibility of herbages grazed m the spring and overestimate that of 
herbages grazed in the autumn (Greenhalgh et al , i960, Minson and 
Kemp, 1961) This must lead to faulty interpretation m long-tettn 
grazing experiments It further explains some of the differences 
which have been noted between the faecal index regression equations 
produced by different workers, as clearly the mean regression bne 
obtained by any one worker will depend largely on the between- 
seasons distribution of the herbages on which it was based Two 
methods of overcoming this problem have been proposed *l oCa 
regression’ and ‘correction* methods (see Grassland Research Institute 
19616) In both of these, digestibility determinations must be made 
on herbage cut from the swards being studied, the use of the faecal- 
index method without such associated digestibility measurements is 
likely to give invalid results 


A further source of error arises from the use, in the field, or rc«— 
ships based on indoor feeding experiments The most serious of thes< 
results from the different level of intake in mdoor experiments fron 
«ut at grazing It has been shown (Raymond et al . 19 56) that this 1 
uxeiy to lead to incorrect estimates of the digestibility of ‘herbag 
grazed when regressions based on normal-aad fibre or lignin content 
aeces arc used Even with faecal nitrogen it appears advisable 
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subtract „ units &onr the estimated digestibility to allow for this 

factor (Grassland Research Institute, 19 I tb regressions for 

Furthermore, there may be difference b <w en the r g 
cattle and those for sheep, and where possible “e " 
experiments should be based on t e same c of the faecal- 

Itis thus clear that considerable care ^edrn^he « ^ 

index method if vaUd results are to e ’ m ore precise 

its practical application “ 6“^^ it ^ provide interesting 
relationships arc developed. H of management on the type 

qualitative evidence, especially on th Thus in an 

groups, one of twdve and the £ ts 0 f four quarter- 

grazed throughout the sum ™ er the bigh-digestibility herbage 
acre paddocks. With each g P | d J was reflected in a 

available for grazing on entry cont ents m the faeces 

sharp rise in the nitrogen (C.P.) an b dieestibihty of the 

proLed on the following day. ^“^r^ N 
herbage eaten as grazing proceede succe cdmg days. In the case 

and chromogen contents in the faec . • compo sition were 

of the group of rz sheep however these change “ JZbe expected, 
more marked than with the 6 shcep ^ dble p arts of the sward more 
that they were removing the mo g , . ^ w ere obliged 

rapidly: also because of thc . b £ h “ ^completely, ^ that the herbage 
to utilize the herbage available m P tibilitv (Fig. ?.r). Asa 

they consumed was on average of 0 ^ , average live weight 

gam from May to October of 54- ■ [, £ reduced feed intake by 

by the more hghtly stocked gro ^ f { of tllis difFercnce, the 

the larger gr by faecal compositions 
poorer quality of the feed eate , importance of 

may well have ^ “ ■^t^equhes much further study, 
quanuty and quality ot teed t on of the faecal-index method in 

This experiment illustrates the apph of day-to-day herbage 

which would not be possible by any other 

267 



Animal Health, Production and Pasture 


developed for use with the very mixed flora of hill grazing (w ere 
knowledge of the botanical composition of the herbage graze is o 
much importance) was first described by Martin (1955)* Microscope 
sections are made of all the plant species likely to be grazed in the area 
being studied. Faeces from the grazing stock are also examined micro- 
scopically, and details of the fragments of plant cuticle in the faeces are 
compared with those of the control plant sections. This technique as 
since been used by Hercus (i960) in New Zealand, and this author 



suggested possible quantitative developments of the method. How- 
ever, with certain plant species, the cuticle appears to be complete!)' 
destroyed during digestion and examination may then have to be 
made on samples withdrawn from the rumen. An alternative method 
» the use of the oesophageal fistula, which by-passes the feed eaten into 
^collection bag under the neck: this sample can then be examined for 
botamca 1 mak:up, which is relatively simple, as the herbage has not 
been broken down by rumination and digestion. 

Uotamcal information on grazing intake can also be obtained by the 
browse unit method of Cook et cl. (1948). in which samples of the 
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pfa, =v,i!,Uc „c 

?, p,Lw» applicable » 

frequently form discrete colonics. A Wrest 

and ‘browse unit’ methods would be o mu ttmB 0 f digesti- 

Herbage nutritive value has 50 ^ ^ f “y lity data arc a reflection 
bility, but it is not certain bow closely dig ty recent 

of the true productive value of a EKtute 

energy metabolism experiments m the Haimal^^y dose relationship 
(Blaxter, i960; Armstrong, i960) havc ““ , although as herb- 

between herbage digestibility and net enc gY Reduction falls off 
age digestibility decreases net w the 

more rapidly than J^^^^j^oddcedduiingthediBt*- 
differcnt proportions of volatile 1 ty P ^ indicate that 

tion of different herbages in _ the "„/■ of energy for lipogenesis 

acetic acid is less efficiently utilized as a sou wljf proportions of 

than are propionic or butyric acids, thus the tug n ^ 

acetic acid and the lower proportions P P rass com pared 

acids in the rumen Hquor of sheep e ^ more efficient 

with those fed on young ryegras J P For produc tion 
utilization of the ‘ digested energy m funcdonJ . thus ace tic 

the individual fatty ® J | an d pr opionic acid appears 

aad is a precursor of milk fat (foiley, 95 > * fl r Rook, 

to be involved in milk solids synthesis ( , . more efficiently 

1959). Balch (i960) has also shown that aceticaodis 

used for total milk production than -spropio^ ^ ^ proauction 

that the optimum rumen volatde fatty P ^ ^ produced by 

will differ from that for fattening, more suitable for one 

rumen fermentation of a given herbage w pts are con- 

class of production than for the other. “^ surement of 

firmed, it may mean that a combination of an m of the 

herbage digestibility, together with an « ^ anima l 0 n the same 

proportions of volatile acids in the rum er bace for different 

feed, may give a useful measure of the v ue o laboratory 

types of animal production. A further advance would beal JV 

method of predicting rumen add proportions ^ 
study Elucidation of both the energetic and synthetic q 
of X a“ hould allow a more rational u mders * £ 
relationships between herbage digestion produced ito «*«•» 
ruminant, and should in turn allow a better definition ot herbage 

nutritive value. 
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Herbage must supply the requirements of the ruminant for energy 
and protein, as w ell as for essential minerals In addition it shorn n0C 
produce metabolic or physiological disorders (the mam subject-matter 
of the present volume) and it must be palatable Despite a suggestion 
to the contrary (Blaxter et al , 1961) it seems clear that palatabihty 
real meaning with herbage feeds, 1 c that certain herbages are mtnn 
sically more acceptable to livestock than others Undoubte ) » 
digestibility has a dominant effect on intake (Crampton et al , 19 > 
Blaxter et al , 1961), in that animals tend to eat most of those herbages 
which are of highest digestibility However, herbage intake expen 
ments earned out under ad lib feeding conditions at the Grass un 
Research Institute have shown marked differences m intake between 
different herbage species when at the same digestibility This is like ) 
to be due in part to differences m rate, as opposed to extent, of digestion 
(Crampton et al , i960), but differences m acceptability are most 
evident Thus fouling with excreta or soil fungal infections on 
pasture, mould m hay, excessive moisture m silage, all seem to reduce 
acceptability It appears essential to consider those attributes 0 
herbage which affect intake, as well as its content of digestible cnerg)* 
protein and minerals, in defining its quality as a ruminant feed 


THE ESTIMATION OF HERBAGE INTAKE 
Vanous techniques of estimating pasture production have been P 
posed, but only those which are relevant to actual grazing conditions 
will be considered here — thus the alternate grazing and mowing tech- 
nique (Hudson, 1933) gives an estimate of pasture output under * 
mowing technique in which the animals are used to ensure return ° 
excreta to the pasture A full review of pasture evaluation techniques 
has been given by Brown (1954) 

The most commonly used technique for estimating the consump°® n 
of pasturage is the ‘difference’ method, the weight of herbage on the 
ward is estimated by sampling before and after grazing and the 
difference is taken as the weight of herbage consumed However, 
this neglects the growth of herbage on the sward during the grazing 
period. To allow for herbage growth areas of the ungrazed sward 
may be protected by cages, intake being the difference in yields be- 
tween caged and ‘grazed’ areas sampled at the end of the grazing 
period In this case an overestimate of intake is likely, since the herb- 
Tc f 1 * A “^cd areas will have grown more than the partially 
detonated herbage on the grazed sward, the protection of the ‘cage 
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-> ^ 

log rf-log/ [8] 

amount of herbage consumed- fc j) i 0 g C _l 0 g/ 

in which c = herbage on sward before grazing 

d= herbage m ‘caged’ area after grazing 
/= herbage on sward after grazing 

However, the assumptions on which *^$*£$££1 
appear to be exact (i.c. neither rate of consumption nor rate of 1 ^ 
growth is likely to be proportional to t ic amoun u,take as 

™ard at a gilen time), and the 1 a fSbe Zl at 

[(c + d)/ 2 _fl would seem as reasonable an estimate 

ii.pi— -in «-** “p —” 7 mSS, . *. 

‘ grazed’ areas, and of the effect of close g^g ■ m "“^ e ^ 
results of many of the cutting experiments that have be “ 

Unfortunately this has frequently not ^“^tivcTgurc, 
results, because of the presentation of y estimates from 

which has frequently shown reasonable individual grazing 

animal production data. An analysis -of data for foe nivl 

periods shows that, early m the S razmB s ”*™’ fferentia l g row th error, 
age is generally overestimated, —^estimated because stock 

and later in the season consumption is u " dc f est X . cumulative 
are grazing increasingly below cuttuig level, lb* foe “ 
%uTc foodie grazing season may 

fortuitous, since it is die sum of oye - was dcmons trated in 

£%£££ z*s i . 1 "Sf” ras; 
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and (2) a faecal collection method (see below) The ratio 1 2 for each 
grazing period was plotted agamst the amount of herbage available (dj 
and gave the relationship m Fig 83 The difference method gave a 
higher estimate of consumption than the faecal method when much 
erbage was available, but a considerably lower estimate when little 
eed was available (m one grazing period faecal dry-matter production 
was three times the estimated herbage intake) Except when herbage 
is ong an grazing intensity low it seems essential to sample the swar 
close to ground level, either with hand shears, or with some type 0 
power-operated dipper, a sheep-shearer with special head has proved 
most suitable (see Grassland Research Instmite, 1961M 
A further difficulty with cutting techniques arises from the errors 
associated with samphng the herbage on the sward On a he* 
grazed pasture in the spring these errors may be reasonably low, but 
ora,',!"*” Tf* P “'“ r ' S b ' comc kss uniform owing to uneven 
at0 ' m<1 SOll ' i arcas ' “>d the number of samples 
method’ !! ° tmn ^ estimate increases The ‘ difference 

method eqmresesnmates to be made of the herbage on ’grated- and 
g teas, so that the errors of both are combined m the estimate of 
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‘herbage grazed’. Green (1952) has shown that to reduce to below 
5 per cent the error of an estimated 1,000 lb. D.M., removed during 
one spell of grazing, may require as many as 100 pairs of samples 
(6 ft.x 1 ft.), and this seems impracticable in any but the most critical 
experiments. This source of error is most important when estimates 
of consumption under continuous grazing arc being made. In this 
case the difference between the herbage cuts on the ‘caged’ and 
'grazed' areas is likely to be much smaller than during a corresponding 
period on a rotationally grazed plot, with a proportionately higher 
standard error of estimate of the difference. 



Fie. 8.3. Comparison of two methods of estimating dry- 
matter intake by grazing sheep (mowing ind faecal 
collection methods) at different levels of available herb- 
age. 

Except under ‘strip’ grazing, when an estimate of daily intake can 
be made (e.g. Holmes et ah, 1950; Van der Kley, 1956) mowing 
techniques are also unlikely to give adequate estimates of day-to-day 
changes in amount of intake. These, together with changes in quality 
°f intake, are of particular importance on rotational grazing, as can be 
seen by the trends in milk production from a dairy herd grazed under 
this system. 

In many experiments chemical analyses, especially for C.P. content, 
have been made on ‘caged’ and 'grazed' samples, and the content of 
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CP in the ' herbage consumed’ has been calculated from these analyses. 
together with the dry-matter contents of the cuts Such estimates 
have generally shown the quality of ‘herbage grazed to be 
than that of ‘caged’ cuts— which would be expected as a result o 
selective grazing by stock — but they arc sensitive both to the errors in 
cutting techniques already discussed and to further sampling an 
analytical errors In some experiments the digestibility or star 
equivalent of the herbage grazed has been calculated from this estimate 
of C P content, but this appears an invalid procedure 

An alternative technique was described by Garrigus and Rusk 
(1935), and Woodman et al (1937) These workers determined the 
digestibility of the herbage cut from a sward which allowed an esti- 
mate of the quantity of faeces produced per pound of herbage con- 
sumed (both on a dr) -matter basis) Stock, grazing herbage similar 
to that cut, were equipped with harness and bags which collected all 
their faeces These faeces were weighed and, from the relationship 
obtained in the mdoor experiment, the quantity of herbage which 
must have been eaten to produce this weight of faeces was calculated 
this was taken as the weight of herbage grazed 


Weight of herbage consumed= 

of faces [9] 

100—% digestibility of herbage 

The technique in its original form has been used in relatively fe"' 
experiments because of the labour required for total collection 01 
faeces from numbers of animals as well as the need for associated digesti- 
bility experiments However, its mam disadvantage, discussed by 
Woodman is the assumption that the digestibility of the herbage grazed 
in the field is the same as that determined on cut herbage in the mdoor 
experiments Because of the selective grazing factor this will seldom 
be true, and the digestibility of ‘ herbage grazed’ will be underestimated, 
leading to an underestimate of herbage consumption More recently 
a modification of the technique has been widely used, m this the 
digestibility of herbage grazed has been estimated from the chemical 
anatjras of the faeces produced, using the faecal-mdex method, and the 
weight offacccs voided has been estimated by an external tracer tech- 
nique This is based on a method originally used (1918) m mdoor 
experiments (described by Edna et al \ 9+4 - 5 ) If a known w eight of 
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1? ”™ ”« h v f ' ’Lxi * i. ~-»4 *= 

of tracer present in a Small sample f 

weight of faeces voided can then be estimated: , , 

weight of faeces excreted (gm.)= 

weight of tracer fed [io] 

weight of tracer per gramme of faeces 

nalVSti^ 

are fid once or twice daily, either mixed with > fa order 

feed, and so was distnbuted fairly uniformly in ’ rea ii ze< j 

sampling of faeces presented no problem. ' miforrnlv withnhe 

thatl grazing experiments 

feed, and so is excreted irregularly m * owe d a diurnal 

sampling of faeces essential. K“ C f - idJggcstcd that, ffom a 

pattern of excretion of Cr 2 0 3 in the ra , fa 

knowledge of this pattern, it should be possible to 

times at which faeces containing the true average con diumal 

would be obtained. Tins method assumes that a 

excretion identical with that fotmd in these con tedinc It lias 

occur with other animals under other conditions * 

since been shown however that the excretion pattern, and m F>rU^ ^ar 

the times of maximum and minimum concentrations io e » 

Taeccs deDcnd among other factors on the times and method ot dos g 
hmebtion m tlie pattern and level of feed intake (Raymond and Mm- 
sonios 5 l. l °lc appears that the higher the level of feed intake the more 
rapidlv after dosing docs the maximum conccntranon of Cr.O, occu 
b/thc faeces, probably because of the higher rate of passage of feed 
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rcstducs down the hind tract As feed intake in the field is variable 
this must mean that no constant pattern of excretion of Cr 3 0 3 occurs 
and that sampling of faeces at fixed times is an unreliable procedure 
Raymond and Minson (1955) suggested sampling faeces direct) 
from the sward as an alternative method of obtaining a representative 
sample of faeces for analysis for Cr s O s With sheep, faeces arc com 
pletcl) cleared each day from fixed sampling areas on the sward, so tna 
any faeces m the sample must have been exacted during the preceding 
24 hours In the ease of cattle each * pat’ of faeces on the sward is su 
sampled the ‘pat’ being sprinkled with powdered chalk to avoid samp" 
lmg again on a later occasion As all the faeces produced b) the grazing 

stock arc distributed on the sward it is ev ident that any required degree 
of precision can be obtained by suffiacntl) intensive sampling, errors 
arise mainly from very uneven distribution of cxacta as when su* 
congregate in shade dunng w arm vv cathcr or near drinking troughs 
Two alternative methods of dosing Cr s 0 3 arc being studied, vsith 
the object of reducing the magnitude of the variations m faecal CrjOj 
content, and so facilitating prease sampling of the faeces The 0x1 c 
is dosed either in slow-rclcasc capsules (Bnsson, i960) or incorporated 
n kraft paper (Corbett, i960), both methods mix the oxide more 
uniformly with the feed m the rumen than is possible with norm 
capsule dosing As a result the concentration of Cr. 0 3 m the faeces > s 
much less vanablc so that a less intensive sampling method is require 
With careful dosing with Crj 0 3 and the appropriate sampling ot 
faeces from the sward, an estimate of faecal production v cry close to 
that obtained by total collection m bags is possible The technique is 
much less laborious than total collection, docs not disturb the stock, 
and does not interfere with return of fertility to the sw ard, as does tota 
removal of faeces The total collection method has, however, P cC ' 
nutted an estimate of the faecal production by each individual grazing 
animal m a group In the case of cattle this is now possible by dosing 
each animal at the same time as the Cr.O a is dosed, with a capsule 
containing polystyrene particles of distinctive colour (Minson et al. 
These pass largely undamaged mto the faeces and each P at 
ot iaeces on the sward can be allocated to a particular grazing aiunuu 
y the presence in it of plastic particles of the appropriate colour The 
taeces from five individual animals or groups of animals grazing to- 
gether have been readily distinguished m this way r 

As noted above, the faecal-index method has been widely used for 
estimating the digestibility of herbage grazed (equation [9]) but ag«« 
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he various errors associated with this 

-ken into account in discussing of the 

figures. This is even more tenous th™ ^ ^ effcct 

term (ioo-agesnbdity) m equation ^ k geneK dly 

of errors m the estimation of dig <7 , f ee ds. It seems 

between 60 and 80 per cent m t e , , ; discussion of the 

essential to take all the precautions noted “"^^differences 

faecal-indexmethodievensoitsee^d^a^^^ 
of less than 15 per cent m herbage mt Furt]ier improve nient of 

be detected with any degree of S 'S 1 ^ ‘ ’ v ; and of precision, as 

the method is urgent, in terms both of simplicity * J 
the need increases for reliable intake data m pasture experiments. 

MEASUREMENT IN TERMS OF ANIMAL PRODUCTION 

Pasture production has so far ^commonly used 

and quality of herbage grazed. H > ,. n f animal output from 

methods of evaluation depend on mcasmeme ^ ^ ^direct tech- 

pasture; these are in general simp ^ rcl3ted to the practical 

of the results, which is frequently not as stra.ghtforward 

assumed. studies, evaluates pastures 

One system, used days, generally ‘cow grazing days’ 

“vTl 0 T T^bSe bempfoducedsuggesringfiguresfor 

which they provide Tables have P of ^ stin dard cow (sec 
grazmg days by other classes of: st n0 account of the pro- 

Brown, 1954). However, this m (0 bc different on 

duction by the grazing animals, w v u ecn developed 

different pastures. For this P ur P 0 ’? feuding changes in animal 
which require more extensive recording , i* mpntarv feeds given, 
livcweighl milk or wool of 

These, together with grazmg days, arc brotg B b 
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efficiency, lc\ els of supplementary feeding etc arc minimized, for the 
reasons discussed in more detail below they can, bow ever, onl) measur 
the realized animal production from a pasture under the partial ar 
conditions imposed, and this may differ markedly from the potentu 
animal output of that pasture Tlius, measured differences in anim 
output between pastures on one farm, and more particularly between 
pastures on different farms, frequently measure differences m efficient) 
of exploitation rather than differences between the potentials o t 
pastures as livestock feeds 

Output of animal products has also been used in pasture experiments, 
and in particular m comparisons of management systems or ot swa 
types For these comparisons animal data arc converted to feed nutrient 
equivalents, but this procedure is uncertain , partly because of the hxc ) 
variability in maintenance and production requirements between 
individual animals, wrhich may introduce errors unless adequate num 
bers of animals are used m each group, and partly because these 
requirement-data have been obtained in mdoor feeding experiments, 
and it is uncertain how far they arc applicable to grazing animals (sec 
N Z Soc Amm. Prod., 1961) Thus recent data indicate that the 
maintenance requirements of grazing stock may be higher dun those 
of pen-fed animals (Lamboume, 1961) In relation to animal produc- 

tion, feeding standards generally imply a linear response between 
production and increments of feed input In fact, as production 
increases, efficiency of conversion of feed nutrients appears to decrease 
This means that the use of uniform feeding standards for aninu 
varying widely in production levels is unsound. Furthermore, 
where supplementary feeds arc given they arc always allocated * 
production value based on these feeding standards, at high levels 0 
production this must inevitably mean that the quantity of herbage 
nutrients required to give the remaining animal production wi 
be underestimated, leading to an underestimate m the consumption 0 
nutrients horn the pasture It is clear, therefore, that the conversion ot 
ammal output data from field experiments to nutrient intake data, 
using existing feeding standards is subject to considerable errors, 311 
further work on more precise feeding standards under grazing con- 
ditions is required 1 

In such evaluation systems accurate measurement of animal produc- 
tion is also required and this can be most difficult under pasture con- 
tions Thus live weight increase measurements are sensitive t0 
changes m ammal ‘fill’, which can be very marked on pasture, where 
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the type end amount of herbage available vary vnidy Jig-M 

shows the average live weight of a group of 12 * ce P’ 

while under rotational grazmg (Raymond, 1957). “““^vdght 

ss£SsTirs:»=SES3=s 



■■■iiHBBBSai 



gUlBlllH 


U OIC 

v. , u/,n,m^ofi2 sheep on rotational grazing 

r »c. 8 4- Average live weight (to a.m.) P Qn wdlC0ted by 

live weight could be followed, jj^^^^* C ^^^fe^'^es^fluctuadons 
me from crazmc on a single paddock was possiD . 

in live weight ire not at marked under either E 

grazing conditions, but changes in T.1 over a period may s .11 be 
the same order of magnitude as true live-weight gru„ ^ of up 
tattle from yards arc turned out to pasture, losses m h\c weight 1 P 
to 50 1R may he recorded within a few days; this has ben, shows, o be 
almost entirely due to reduction tit 'fill 1 , and, unless allowances m t 
for diR* incorrect hve-wetgbt gain data will be recorded duttng sub- 
sequent cnzii'K periods (Ta\lct tt ah, 1957)* . « 

In order to reduce variations in "fill" it lias been suggested that 
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animals should either be weighed on successive days, and the average 
weights used, or else be fasted overnight to bring them to ntoj 
standard conditions of ‘fill’ Both these methods are undoubtedly 
useful, but average weighings cannot compensate for a trend m 
over a period, and fasting may be undesirable in many experiments, 
especially with dairy cattle In an alternative technique use y 
Kidder (1946), the rate of stocking and the time the stock are allosse^ 
to graze on a pasture are adjusted so that the animals neither gain nor 
lose weight, and arc thus assumed to be consuming their maintenance 
requirements only This technique requires considerable skill m 5toc 
management and can of course give no evidence of the produ 1 
potenttal of pastures, there is also the possibility that a true increase w 
weight may be concealed by a corresponding loss m fill , nor 
changes in body composition be assessed 

Measurement of milk production by dairy cattle is much 
precise, but m early lactation it is not always certain that the mu* 
produced is in direct response to intake of pasture nutrients, as the cow 
appears able to draw on body reserves for milk production at this tun c 
However, later m lactation, milk production appears more close y 
related to the quality and quannty of pasture intake, thus Jamgc an 
Joumet (1959) found marked changes m milk production and comp 051 
tion as dairy cattle were moved from pasture to pasture — change 5 
which appear to have reflected the quality of the different pastures 
Dairy cattle also present difficulties m the measurement of live-v. eig 1 
changes, similar to those met with growing stock, but the errors intro- 
duced are less serious, because most of their productive output is & 
milk, which is more accurately measured. 

How ever, it is in the interpretation of animal output data at p 35 ^ 1 ^ 
that the mam problem appears to ansc This problem was posed by 
McMeekan (1956) , in discussing an experimental comparison of set 
stocking and rotational grazing, he showed that the result was very 
largely determined by the level of stocking (1 e number of animals f* r 
acre) used m each treatment Thus, m some previous comparisons 
an increased output under rotational grazing had been assured by th c 
subjective judgement that the rotationally grazed paddocks could be 
more heavily stocked than the set-stocked paddocks This situation 
was developed by Ivins et al (1958), m terms of ‘animal’ and ‘pasture 
potentials Under most conditions the potential of the pasture f<* 
animal production will either be greater than that of the grazing animals 
to exploit it, or less It is only m the latter case that pasture potential is 
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animal output is entirely a functi experi ments, animal poten- 

animal. It appears that, in nianygrazing expcnme^ , ^ J ^ 

rial is below pasture potential, becau ^ Qr because ^ are too 
producing to exploit ^'gb-qu M P • ivaik y e ln either case 
few of them to make full use or h g ^ ^ nuraber md pr0 . 

tbe measure pasture output is J ^ condltions the resu l ts 
ductivity of tbe ammals mei V d * reflection of subjective 
obtamed m pasture comparisons a J differences in pasture 

judgement of stocking rates, rather tbanofrrue ® P 

potential. McMeekan (i 9 S«0 su 8gf ed “fX sSeratefit will 
animal products per acre vnt met ^ decrease . 

rs“:irs b c::ise * 

sated by a decreased yield per animal ; beyond tbi p ; s effec _ 

stocking must lead to decreased ^output per acna ^ ^P ^ ^ 

lively tbe maximum potential of b p ^ ire$ a st „dy 0 f the 

management employed, and . i t J ^al and output 
interactions between level of f 0C ^- P % q) showed in fact 
per acre. Later resit hs reported by “cM'eto JM ^ 

that, although at medium levels of stocki g, B f stocking 

grazing gave very similar « - *£* X sc ,stockin S g 
was increased output per animal feU n max!mum animal 

than under rotational grazing. This conclusion had 

output per acre was lower under set-stocking. Tins cone ^ ^ ^ 

been predicted on the basis of dierb age-cutting ! P j c potential 

only confirmed by showing that, under set-s ottog. P ^ ^ 

fell below animal potential at a lower rate of stoctag 

rotational grazing. Clearly the samc considerauons ™ 
malting comparisons between pastures, l entirely due 

of stotkg arc imposed on each pasture the results ij^"™ , 

:arf2t=^t=«=s? 2rS 

uocking’on a pasture whose productivity can vary marked y at 
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animals should either be rveighed on successive dap, and the Mens' 
weights used, or else be fasted overnight to bring them to mo 
standard conditions of ‘fill* Both these methods arc vmdoubtemy 
useful, but average weighings cannot compensate for a trend in 
over a period, and fasting may be undesirable m many experiments, 
especially with dairy cattle In an alternate c technique use 
Kidder (1946), the rate of stocking and the time the stock arc a owe ^ 
to graze on a pasture arc adjusted so that the animals neither gain not 
lose weight, and are thus assumed to be consuming their mamtenanM 
requirements only This technique requires considerable skill m $to 
management and can of course give no evidence of the produ 
potential of pastures , there is also the possibility that a true increase m 
weight may be concealed by a corresponding loss in fill , nor 
changes in body composition be assessed 

Measurement of milk production by dairy cattle is much rn0 f^ 
precise, but m early lactation it is not always certain that the mi 
produced is m direct response to intake of pasture nutrients, as the cow 
appears able to draw on body reserves for milk production at this time 
However, later in lactation, milk production appears more close) 
related to the quality and quantity of pasture intake, thus Jarngc an 
Joumet (1959) found marked changes in milk production and comp osl 
tion as dairy cattle were moved from pasture to pasture — change 
which appear to have reflected the quality of the different pastures 
Dairy cattle also present difficulties in the measurement of hvc-weig 1 
changes, similar to those met with growing stock, but the errors intro- 
duced are less serious, because most of their productive output is aS 
milk, which is more accurately measured. 

However, it is m the interpretation of animal output data at P 25 ^ C 
that the mam problem appears to ansc This problem w as posed Y 
McMeekan (1956) , m discussing an experimental comparison of set 
stocking and rotational grazmg, he showed that the result was very 
largely determined by the level of stocking (1 c number of animals p er 
acre) used m each treatment Thus, in some previous comparisons, 
an increased output under rotational grazmg had been assured by th c 
subjective judgement that the rotationally grazed paddocks could be 
more heavily stocked than the set-stocked paddocks Tbs situation 
was developed by Ivins et al (1958), m terms of ‘animal’ and ‘pasture 
potentials Under most conditions the potential of the pasture fo f 
animal production will either be greater than that of the grazmg anin^ 15 
to exploit it, or less It is only m the latter case that pasture potential is 
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animals. It appears that, in man} g b f , , r _ either too low- 
tial is below pasture potential, because the t00 

producing to exploit a .high-qua iry pas m , In e ; t her case 

few of them to make fitt« * the number and pro- 

tbe measure pasture output is ^ conditions the resu l ts 

ammal products per acre increase tends to decrease. 

not increase at the same rate becaus P P exactly compen- 

At some point a further increase in 

sated by a decreased yield per animal . bey on P 0 ^ ; s e flf ec _ 

stoddng must lead to decreased output per acr^ ^ of stoc k an d 

tivelytbemaximumpotenmlof A p . Qn $ * ^ ofthe 

management employed, and its d animal outp „ t 

interactions between level of stocM g, P J {l<)6o ) showed in fact 
per acre. Later results reported W Peking and rotational 

that, although at medium levels of stocking, set' sto«n B of stocking 

was mcreased output per animal f PjJ maximum animal 

than under rotational gr«®B- cki This conclusion had 

output per acre was lower under s B vnprimpnts but it was 

been predicted on the basis of herbage-cutting “P™^ polTial 

sssKtsr- *4 ,r “ l ,ta .‘ 

applied is already greater than the pasture potential). S°meol 
practical implications of these conclustons have been "^1 
Mott (i960); as pasture potential can vary more «**&*»“» 
potential (per animal), it may be necessary *° Ihnal and 

frequently to maintain a given relat, unship between »»»* 3 
pasture potentials, i.c. it may be incorrect to impose a W « 0 
I stocking on a pasture whose ptoduenvity can vary markedly 
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different seasons This again introduces subjective judgement, either 
in changing the numbers of stock, or possibly tn allocating areas o 
excess herbage growth for conscr\ation 

At present, then, the results of grazing experiments, even w en 
earned out at several rates of stocking, are still subject in a considcra c 
degree to skill m pasture management What appears most necessary 
is quantitative information on the interrelations between type 
ture, management, level of stocking and output per animal, and ere 
the methods of estimating pasture mtake and nutntive value discussc 
in the first section are likely to be of most value Pasture output 
experiments, even when well earned out, can only show that < 
fercnces in production exist, but can seldom explain why they have 
occurred, there is then little basis for predicting what would happen 
under another set of conditions By relating animal output to herbage 
intake and quality it should be possible to understand better the reasons 
for differences m animal output, and so to leam more about the basic 
principles of animal production from pasture 
This discussion of pasture evaluation may seem out of P^ cc *^, a 
volume devoted mainly to animal health, but m fact it is probable 
that inadequate gross nutrient mtake (energy plus protein) is one of the 
commonest causes of ill-health among animals at pasture Low intake 
may be accentuated or caused (as in the case of cobalt) by mineral 
deficiency, but it does seem that, when nutritional deficiency is sus- 
pected, the gross feed intake should first be investigated Lowerc 
resistance to parasitic infestation may also be associated With 
adequate food mtake Thus accurate methods of measuring the 
herbage consumed by grazmg stock are an integral part of the overall 
study of the health of the grazmg animal, at present, knowledge ° 
mtake appears to lag senously behind our knowledge of many of the 
other factors concerned m animal health, and this deficiency must soon 
be remedied if maximum production is to be obtained from pasture 
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CHAPTER NINE 


Grazing Behaviour 

R. WAITE 

The general pattern oj grazing behaviour — Factors which influence grazing behaviour, 
ehmate and weather, individuality of grazing animals, quality end quantity of herbage, 
palat ability, selection by animal, senses used, effect of feed supplements — Conclusion- 


During the last 10-15 years the need to utilize grassland more efficient^ 
has led to increased interest in the behaviour of the grazing animal- 
This has come at a time when the potentialities of grass as a farm cr°P 
are being more generally recognized and newer types of grazing 
management for cattle, such as close-folding and rotational grazing 
have been introduced and accepted. 

A study of animals at pasture, however interesting, must at best 
only complementary to a wider study which would include the amount 
and digestibility of the herbage that is eaten during such grazing and, 
most important of all, what use the animal makes of these feeds f° r 
growth, maintenance and the production of milk, beef or wool. This 
type of work therefore involves a considerable number of people ot 
differing skills over long periods and it is not altogether surprising th* 1 
a fair proportion of the work concerned with grazing behaviour 
short of providing the maximum information that was possible. There 
are other limitations common to most reports to which the attention 
of the general reader must also be drawn. There has in the past often 
been an absence of close definition of the grazing conditions and even * 
lack of a common terminology -which makes comparison of the results 
obtamed by the various workers difficult. Although most -workers 
are themselves well aware that records relating to only a few animal* 
cannot necessarily be applied to the same class of animal in general, 
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nevertheless, the resources needed to study the . “fese 

oflargenumbers ofanimals are usually ■beyond those 
arc some of the caveats that need to be entered befo » *"£££ 
absorbing problems of rhe grazing behaviour of our domesticated 

livestock and trying to interpret the res ts. 

THE GENERAL PATTERN OF GRAZING BEHAVIOUR 

Most observations of grazing behaviour record the timethe^ma 
spends in grazing and ruminating, and many give ^meinimnono 
the time spent hi lying down and in standing or walkmgwt hout 

actually gr azin g Periods of rest are taken as the time spent lyi g 
actually grazing. r neriods when the animal is standing 

downwithout ruminating, and the period as 

or walking about without either grazmg or rumrn g p 

idling time. Other activities often recorded are he number of 
dcfaecations, urinations and drinks and, less rcquen y, 
grazing and ruminating, but for the purposes of ouri Paction 
and pasture management, grazmg and ruminating 1 e p 

m S^^^W r de r deravar^of^ : 
in a number of countries, vary in detad but show 
larky in the general pattern of grazing behaviour. _ & ; 
di mates most of the grazing by cattle is done m two periods dmrng the 
daylight hours, the fast commencing soon after ^^ ***“£ 
starting in the early evening and going on untd about one hour ' afar 
sunset For dairy cows the early morning grazmg may be interrupted 
or postponed by milking and the start of the evening granng penod 
again governed by their return from milknig. About half the total 
amount of grazing is done between the evening and morning milkings 
an observation of importance in those systems o managem 
employ night paddocks close to die milking quarters. Between the 
two long periods of grazing diere are usually three or four hortc 
spells of radier more desultory grazing and about 80-90 per cen t of 
total period spent in grazing occurs during daylight. In hot climates 
this pattern is reversed and as much as tv. o-thirds of the grazmg is done 
in the cooler hours of darkness. 
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mid-mommg are therefore usually spent m this wa), and most of this 
rumination is done while the animals are lying down The intensity 
of both grazing and rumination is greatest at the start of each peno 
and rumination at night is frequently alternated with short periods o 
rest 

A similar pattern of alternating penods of grazing and ruminating is 
followed by sheep, although the amount of time spent in the first an 
last daylight gtazmg periods is shorter, making all the grazing pcn° 
of more equal length Like cattle, sheep appear to graze very little in 
the dark in cool climates . 

The part that sleep plays m the life of the ruminant has received btt c 
mention in the literature of animal behaviour probably because as 
several watchers have noticed, sound sleep, where consciousness is 1 °* » 
appears to be unusual During penods when the cow is lying on t c 
ground the head is sometimes rested on the flank for short penods, 
often with the eyes closed, but the slightest extraneous noise or move- 
ment evokes an immediate response Only rarely arc adult cattle seen 
at rest lying flat on their sides and Balch (1955) considers that this « 
because the large volume of digesta in the rumen would thereby be 
displaced and lead to dysfunction of the reticulo-rumen This need to 
keep the thorax in an upright position and the requirement of con- 
sciousness for rumination may therefore account for the absence ot 
sleeping penods 

In Table 9 1 some of the recorded values for the grazing and rununat 
mg times of different classes of animals are given and, as would c 
expected, they show considerable variation between individuals of c 
same species and, to some extent, between sheep and cattle There 
are insufficient results from which to draw any firm conclusions but it 
would appear that, in each 24 hours, sheep graze somewhat long er 
tlun cattle and also probably ruminate longer, although the difficulty 
of observing ruminanon in sheep in the dark makes this uncertain 
Dairy cows, which spend 3-4 hours less per day on the pasture than 
beef cattle because of the time required for milking, on average 
longer, no doubt because of the extra food requirement for mu* 
production. The tunc spent by calves m grazing was found by R°Y’ 
Sliillani and Palmer (1955) to be governed largely by their age, but at 
5 months old m that study and at 9-15 months in another (TrM 
Gordon and Gimingham, i 952 ) they were grazing for as long as, or 
longer than many adult cattle This may reflect the smaller intake J * r 
bite and the high nutritional requirements of rapidly growing animal 
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TABLE 9.1. Some grazing and ruminating limes ofcalllc and sheep 


Type I Grazing time 
of (hrs) 

animal | Aver- 
age Range 


Ruminating 
tune Qars.) 

| Aver- 

age Range 


[Number 

of 

24 -hr. 

obser- 

vations 


Dairy 

cows 


Beef 

cattle 


Calves 


6-7 6-2- 7-7 

8- 4 6*4-10*1 

6- 8 4*4- 9* 6 
6*5 4 * 3 - 10*5 

7- 0 5*7- 7*8 
8*6 T9“ 9*5 

9- 3 7*3-11*5 
9*o 8 -o-io*7 


N.R.* 

6*9 5*5“ 9*2 
S‘4 4-6- 5* 8 t 
5*6 3*7“ 6 * 8 

6*3 4*3- 9*s 
N.R. 

N.R. 

8*6 8*o- 9*8 


7*5 7 °- 8 *l 
7*9 6*o- 9*4 


10 6 9*8-11*6 

7*9 5*6- 9*3 


[Number 

of 

animals 


6 * 8 * 

7*8 5*9“ 9*4 


N.R. 

76 6 8 — 8*9 


Sheep 


9*4 8*8-ioo 

10*9 8-9-I3* 2 
8*6 6*2-10 9 
9 o 7*8-10*5 


N.R. 

8-3 7*8-10 3 
NR. 
NR- 


Reference 


Hancock and 
Wallace (1547) 
Hancock (I954e) 
Hancock (I954l>) 
Castle. Foot and 
Halley (1950) 
Wardrop (1953) 
Scath and Miller 
(l!>46) , 

Waite, Macdonald 
and Holmes 

('950 , , 

Hardison, Fisher, 
Graf and 
Thompson 
<1956) 


Johnstone-W allacc 
and Kennedy 
(1944) , . , 

Hughes and Reid 
(1951) 


5 

4 . 
4 

Flock 


Tribe, Gordon and 
Gimingham 

(■95a) 

Roy, Shillam and 
Palmer (1955) 


Tnbe (i949«) 
England (1954) _ 
Hughes and Reid 
(1950 


* N.R, Not recorded 


4 animals only 


$ 1 animal only. 


In discussing the general pattern of the daily gra^g be Wur 
some mention should be made of the recorded f^ 5 J° J^ S J in 
urine production, water consumption and the <hstan« ' travehc d . 
each 24 -hour period. As with ah other gratung actmOcs , the quahty 
and density of the herbage considerably affects aU these functions. 
Cattle, fo7 which there are most oh.erva.tons dcfaecate more fre- 
quently when grazing leafy swards than they do on older 
lower moisture content. It has been recorded that about 30 lb. dung, 

10 + = s » 
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with an average dry-matter content of about 1 1 per cent, was voide 
daily m io-ii defaecations (Johnstone-Wallace and Kennedy 1944 
Waite, MacDonald and Holmes 1951) O n Y oun S leaf V P astureS Q 
containing only 14-18 per cent of dry matter, the food may pass too 
rapidly through the alimentary tract, producing almost liquid aeces 
with an abnormally high loss of nutrients, particularly of nul \ e ^ 5 
(Frens 1955) Observers differ somewhat as to when most o c 
faeces is dropped but at least half is likely to be voided between c 
evening and morning milkings The number of urinations is us J 
less than the number of defaecations but reports are lacking for 


volume released daily by grazing animals 

Cattle on pasture have been seen drinking 3-4 times on average per 
24 hours (Castle Foot and Halley, 19SO, Waite el a! I95 1 « 

1954a) and they drink more during hot weather and less in cold we 
weather On young herbage of high moisture content the number 
drinks is less than on grass of a more advanced stage of growth c 
volume drunk must vary considerably from cow to cow but un 
close folding conditions of grazmg dairy cows were found to dr 111 
about 5 gallons per day m addition to the 9-12 gallons of water P rcSCl \ 
in the herbage which they consumed (MacLusky, 1959) The to 
water intake of these cows was therefore appreciably higher than ° r 
cows from the same herd during normal indoor winter conditio 11 ** 
when 8-1 1 gallons per day were drunk from the water bowls plo* " 
gallons eaten in the feed (Waite unpublished) In both experiments 
the higher milk-yielding cows drank more than cows with lower 
yields 

On good-quality dense pasture sheep and cattle both tra\ elled about 
l 7-2 o miles m each 24 hours (see for example Tribe, I949<* En S lan r’ 
*954 Hancock, 1954!*), the actual distance depending mainly on 1 
size of field, with about 80 per cent of the total distance being covere 
during daylight. The distance increased when animals were grazing 
m larger areas and in one set of observations increasing l ^ c f 1 /* 
available from o 5 acre to 2 5 acres increased the distance walked O 
bullocks from 1 3 miles to 2 o miles (Hughes and Reid, I95 1 ) P ,°° r 

pasture, as would be expected, also caused the distance covered & 
Karch of food to increase Sheep m lush pasture walked 1 2 
dunng 24 hours whereas on bare pasture the distance increased to 2 * 
jmles (England, 1954) and on the hills the figure would probabl) * 
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FACTORS WHICH INFLUENCE GRAZING BEHAVIOI 

CLIMATE AND WEATHER . . , 

Most of the grazing behaviour records come from countries m uhe 
temperate zones where the variation in temperature n iw-ty- mmff 
dent to affect the total grazing tnne. In warm snnnna ^weadier, 
however, there may he increased grazing at night, P artlc l ar ’y * f ' 
animals to irritated by flies during the day. john.tone-WaUace and 
Kennedy (1944) for example, reported that night grazing accounted 
for 40 p y er cent of the tot/grazing time of beef cattle durmg .die sum- 
mer months in New York State. In the warmer climate °^ ou ‘ s ' ana ' 
day temperatures of 80-90° F. resulted in a complete reversal of the 
temperate-climate pattern of grazing, over 70 per cat : «f | *e total 
grazing time of 7-2 hours being done at night (Seath and Miller ,1946). 
Even wdth day temperatures in the range 7R-82 F- FneS ' an , 

Fiji did 67 per cent of their grazing at night and the same proport “ f 
their resting time during the day (Payne, Laing an a , ■ 

This suggests that in hot climates, if spedal night paddock are u ed 
they should carry sufficient easily available forage to supply most of 
thenutrient needs of the animals. Bonsma and his colleagues (19 ) 
have found that the less improved native breeds of Sou h African cattle 
are more adaptable than European cattle to a hot climate and wifl 
range in search of food even during the hot period of the day obtaimng 
some nourishment, whilst the European cattle will not do so and 

^Thtfrecent report by Davis (i960) that cattle in high environmental 
temperatures considerably reduced their feed intake when the relative 
humidity increased may be of considerable importance in hot climates 
He found that, at 90° F„ an increase from 20 to 40 per cent r.h. caused 
the amount of food eaten to fall by 15 per cent, and that at 50 per cen 
r.h, they ate 20 per cent less. There was an increase of 4-5 per cent 
in the digestibility of the feed but this would not compensate for the 
greater lowering in feed intake. , 

Rain alone, in the amount encountered m temperate climates, is 
usually insufficient to affect the grazing activities of either sheep or 
cattle, but when it is accompanied by a driving wind, grazing and 
resting are both interrupted and the animals will seek shelter or stand 
facing downwind. If this happens during the day at a time when they 
would normally be grazing, there is often an increase m the amount ol 
time spent grazing at night (Hancock, I 954 fl » England, 1954)* m 
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alone has generally little effect on grazing behaviour, although at gale 
force grazing may be interrupted if shelter from the wind is av 

DARKNESS 

Except when the day temperatures are exceptionally high or v. en 
heavy ram and wind have delayed grazing, both sheep and ca tt e stop 
grazing as soon as it becomes dark, about one hour after sunset (Hug « 
and Reid 1951 , Waite et al , 1951 , Hancock, I954&) When the peno 
of darkness is short, as m May, June and July m temperate no cm 
latitudes, there may be no further grazing until first light, but as t e 
season advances and the nights lengthen, grazing during darlmc 5 
increases up to periods of about 2 hours 


THE INDIVIDUALITY OF GRAZING ANIMALS 
As might be expected, the amount of time spent in grazing largely 
governs the weight of the dry matter eaten (Brumby, 1959) ° ut £ C 
factors which limit the appetite of the individual grazing cow are 
complex In a given environment the maintenance requirements ' 
depend on body size and these requirements will be added to in 
later stages of pregnancy and foetal growth In dairy cows mu* 
production will greatly increase the amount of food require 
Although some physiological control of appetite can no doubt operate 
in ruminants, most consideration has been given to the physical aspect 5 
because of the bulky, fibrous nature of much of their food c 
amount of the indigestible residue ( ballast’) from this type of feed 
been suggested by Lehmann (1941) as a major factor governing appe ntc 
and he considered that for a cow weighing 1,100 lb satiation "as 
reached when the quantity of ‘ballast’ m the digestive tract amounts 
to 9 5 lb Results obtained by Voisin (1954) agreed with this concept 
but this author also concluded that for animals grazmg pastures of Hg 
fibre content appetite was affected by the work of chewing 
addition to the limiting effect of the amount of indigestible material. 
Blaxter and his colleagues (1956) have drawn attention to the imp° r 
tance of rate of passage of the feed through the digestive tract 
From considerations such as these it is clear that, although muj 
production m dairy cows will be a major factor governing the fee 
intake and hence the grazmg time of dairy cows at pasture, a simp^ 
relation between the two is not necessarily to be expected Brumby 
(t9S9), m work with Jersey and Fnesian cattle m New Zealand, 
a posime relationship between grazmg time and milk production but 
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other workers liave not. Castle, Foot and Halley (,950) -orjd one 
cow giving 54 lb. milk per day as grazing for 5;3 boors 7?““' 
another cot fa the same group producing 36 lb. 
hours. A month later the first cow then giving 46 
grazed for 10 hours. Waite et al (l9Si) similarly found no direct 
connection between grazing time and the daily, or tbcl8^ay.mdk 
yield of 18 cows in one herd. For six of these cows, whose grazing 
thne had been recorded on several occasions in two 7“ • 

the average grazing time of each cow in both years ™s vcrysnmlar 
irrespective of stage of lactation and milk production and, ranked by 
length of grazing time, the order of the six cows was the same mbo h 
years Hancock (1054b} in his observations on the grazing behaviour 
of^twin ^cattle hasshorvn that the difference in average grazing time 
between members of pairs of twins was very small averagmg only 
7i minutes in 6-8 hours, whde the range between different pan jas 
as much as ,38 minutes. He also found that the rummation tinies of 
the various pairs'of twins was independent of their feed requirement 
and in a staU-fecding trial the same amount of feed caused different 
animals (non-twins) to ruminate for different lengths of time 

It can be seen from the values recorded for sheep in Ta ^t 
the grazing times of individual animals also 
each other even in the same environment. In a ltion, acc 1 
be taken of the vastly different environments expeneneed by lowland 
sheep grazing cultivated pastures and the senu-wlld hill sheep S r °"P“ 
on their self-Ielected mountain hefts. Although the grazing behawom 
of hiU sheep formed the subject of several early studies, it is only m 
recent years (in the United Kingdom at least) that a comprehens 
and systematic approach to this complex problem has been made (see, 
for exam pie, the reports of the Hill Farming Research Organizati 
1954-8, and on Hill Farm Research, I95I-3)- r 

The large part that animal individuality plays in the observations of 
grazing behaviour must always therefore be kept in nun in 
preting the results of experimental work where the number of animals 
employed is necessarily limited. 
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feeding value than stem this has given rise to the theory that animals 
instinctively choose the type of vegetation best likely to meet t cu? 
nutrient requirements This hypothesis will be discussed later, u 
in regard to grazing behaviour the important fact is that the fibre an 
lignin contents of leafy material are lower than those of the stem 
The rate and extent of the breakdown of forage during rumination 
depends to a large extent on its degree of hgmfication and since t e 
lignin content of herbage increases with age, the stage of growt 
exerts a considerable influence on grazing and rumination times 

As would be expected, therefore, stemmy herbage causes long 
rumination times whereas with leafy material, which is more eas y 
broken down, ruminating times are shorter (Hancock, 1954^, j 
1955) Van dcr Kley and van der Ploeg (1955) have demonstrate » 
close positive relationship between ruminating time and the weig 
of fibre eaten by dairy cows while grazing and the longer ruminating 
times necessitated when cattle graze stemmy herbage are usu Y 
accompanied by short grazing times Because of the high dry-matter 
content of herbage in an advanced stage of growth the animal v- 
obtain more dry matter per grazmg hour than with leafy material bu 
much of it will be indigestible The longer time required by sue 
material to pass through the digestive system (Balch, 195°) ma Y 
delay to some extent the desire to resume feeding 
The most continuous and systematic work on the grazmg behaviour 
of cattle has been done by Hancock in New Zealand and he has intrO" 
duced the concept of the ratio of the ruminating and grazmg times, 
rt /S t » 25 311 indication of grazing behaviour His conclusions on e 
effect of pasture quality and availability arc summarized in Table 9 2 
It can be seen that the rt/gt value does not in itself characterize a pasture 


TABLE 9 2 The effect of the quant ty and quality of herbage on grazing bchavt^ 
(Hancock, 1950) 


Quantity 
available 
per cow 

Quality 

Grazmg 

tune 

(gt) 

Ruminating 

tune 

(«) 

rt 

B l 

Abundant 

Abundant 

Abundant 

Small 

Small 

high 

low 

mixed 

high 

short 

short 

long 

long 

long 

short 

long 

long 

short 

short 

low 
high 
high 
very low 
low 
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but if, for example, the quantity of forage 

ratio can give a useful indication of quality. j .crease in the 

Neville (1954) under such conditions found a marked deer 
weight of forage eaten and a rise in the rt/gt value as the 
herbage decreased. In one set of observations of dairy cattle gmrng 
a fescue pasture, dry-matter intake per cow fell from 4 « *7 «>• P" 
day when the dry-matter digestibiUty decreased from 74 ‘“^percent; 
causing the rt/gt ratio to rise from 0-6 to i'3- an e p . 

which dairy cows were strip-grazed on grass at different s g 
growth and were afforded little chance for selective grazmg, Waite 
l al (1951) found that they grazed for 9-10 hours on young grass ton 
tabling 17-18 per cent crude protein and for steadily decreasing times 
bn the poorer quality grass, grazing for only 77 hours on herbage 
containing 8-5 per cent crude protein. Despite this, the weight of dry 
matter eaten onall types of grass was approximately constant within th 
accuracy of the intake measurement but the : amount : of ig pit .Ue 
nutrient obtained varied considerably and milk yie s e p y 
the poorer quality grass (Holmes, Waite, Fergusson an p 

I9 cLges in the quahty of herbage are frequently accompanied . by 
changes in the quantity avaUable and grazing behaviour is thus affected 
by both simultaneously. A common occurrence is the decrease m 
both the quahty and quantity of the herbage when cattle or sheep are 
kept in the same field or paddock for severa days. Van der Kley and 
van der Ploeg (1955), for instance, record that during ‘hree days 
grazing by dairy cattle the digestible crude protein con en 
herbage fell from io-8 to 6-6 per cent, the starch equivalent of “e 
matter from 52 to 47, whilst the fibre content rose slightly. During 
this time the dry matter available fell from 3,270 lb. per acre to 760 lb 
per acre and grazing times increased as a result. n er some 
similar conditions, Waite et al (1951) found that whereas the averag 
grazing time of a group of dairy cows on the first day in a new pa 
of good-quality grass was 7*7 hours, it rose on the secon y 
hours and on the third and fourth to 9-8 hours. Morgan (195 ) 
also reported that cows turned into pasture previously graze J a arge 

herd increased their grazing time by 12 per cent compared with their 
behaviour on fresh grass. Thus, as the supply of forage decreases, 
cows have more difficulty in satisfying their appetite and consequently 
graze for longer times. On the other hand, where a pasture has 
grown faster than the cows can eat it, the quantity available may be 
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high but the quality low, and as has been mentioned, this 
results in short grazing and long ruminating times and, with dauy 
cattle, a drop in milk yield 

When the quality of a pasture is mixed, grazing time may increase 
as a result of the greater amount of selection required (Hancock, * 95 °j’ 
but where sufficient herbage is available and the animals eat ot 
young and old grass, the grazmg time may even be slightly shorter 
than when young herbage only is available (Tribe, Gordon an 
Gimingham, 1952) 

The density of the sward, as distinct from the total quantity present, 
is also a factor influencing grazmg time, smee the amount obtamc 
with each bite is greater the denser the sward On a dense first-c > 
permanent ryegrass pasture a group of close-folded dairy cows graz 
on average over the season 1 hour less per day than when on a more 
open cocksfoot ley, although the weight of dry matter eaten on bo 
pastures was very similar (Wane et a \ , 1951) The amount and den- 
sity of the herbage is therefore most important m those systems 0 
management m which cattle are allowed to graze for only a bmi 
time on high-quality grass before being turned on to poorer pastures 


THE PAL AT ABILITY OF HERBAGE 

Studies of grazing behaviour might be expected to throw some hgl lt 
on whether some pastures are more palatable than others Unfottu- 
nately palatabihty is a subjective attnbute and one which is difficult t0 
assess Even under rigorously controlled conditions, the judgem^ 1 
of the palatabihty of a foodstuff by human bemgs vanes considerably 
from one individual to another The difficulty for man of detcrminm? 
what in a pasture is pleasing to the taste of sheep and cattle therefore 
needs no stressing and to equate herbage palatabihty with succulence 
only, for which much can be said, may obviously be very inadequate 
Many species of animals have a liking for food which to our taste : 1* 
sweet and it has been suggested from time to time that cattle ^e 
sweet foods Phce (1951), f or instance, found that cattle would ea 
grasses and herbs which the} had previously rejected if these v-& c 
sprayed with molasses or a saccharin solution It is difficult to decide, 
however, whether an appreciation of sweetness is a factor of much 
importance m the selection of certain species of grasses by the g 
animal Although it is true that the concentration of the 


tatmg sugars, glucose, fructose and sucrose, is highest in -young P 2 * 
(Waite and Boyd, 1953), there is rare!} more than about o 2 per ^ ol 
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glucose or fructose present in the fresh grass and usuahy less than r per 
cent of sucrose. Fructosan, another soluble carbohydrate, although 
present in larger quantities is a polysaccharide and, by our standards, is 
tasteless. If, therefore, sweetness plays much part in the choice of 
herbage, sheep and cattle must be able to distinguish between grasses 
in which the differences in sugar concentrations arc small and all at a 
low level. 

An interesting experiment by Bell (1959) showed that goats could 
clearly discriminate between various solutions representative of the 
four primary tastes, sweet, bitter, sour and salty. The goats studied 
tolerated very much higher concentrations of bitterness than did oxen 
and, on the other hand, did not refuse the strongest glucose solution 
(35 per cent) offered to them. The lowest concentration of glucose 
solution presented (5 per cent) was preferred to tap water and it would 
have been most interesting to know whether they were able to dis- 
tinguish sweetness at the lower concentrations likely to be met in 
pasture by the grazing animal. 

A further complication which affects many field trials designed 
primarily to establish the relative payabilities of various herbages for 
sheep or cattle, is the question of herbage availability. If, as in the 
experiments made by Reid (1951) and Ivins (1952), the various strains of 
vegetation offered differ in their earliness of growth, it would be 
expected that in the spring animals would be found eating those 
plants which had made sufficient growth to be easily grazable. As the 
season advanced, unless some cutting technique were adopted, the 
early strains would then be relatively neglected in preference for the 
younger material. This, to a large extent, is what was observed by 
these authors. Similarly, if a plant such as ribgrass (Plant ago lanccolata) 
by virtue of a vigorous root system can withstand repeated defoliation, 
it is likely to be heavily grazed and although this may be partly because 
it is extremely palatable, it might also be simply because it is available 
when less vigorous or slower growing plants arc not. A true idea of 
animal preference could therefore only be obtained if all the species 
offered were available in equal quantity and at the same stage of 
growth at the same time, a condition rarely, if ever, met in practice. 

The effect of the succulence of the licrbage on animal choice can be 
seen in Milton s (1953) observations of sheep on undeveloped grass- 
land in Central Wales. He recorded the degree to which the various 
plants or plant associations were grazed throughout the year and found 
that in spring and autumn the plants with green leaves were heavily 


io* 
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grazed in preference to those with yellow or withered leaves 
summer, when all the plants were green, the sheep grazed m y 
grasses and neglected the heather and rushes they had graze in " 
and spring Very similar observations were recently reporte 
Cowlishaw and Alder (i960) who noted during winter grazing^ 
sheep and cattle that it was the greener grasses that were selecte 
In further trials these authors also concluded that plants high in ^ 
soluble components such as minerals and carbohydrates w ere attra ^ 
to the ammals but whether this was a determining factor is 
decide The interesting observation of Hunter (i960) that hiu s 
showed a marked preference for the vegetation growing on 
soils compared with that growmg on peat may also be conn 
with the question of nutrient availability ^ 

Thus although it is undoubtedly true that sheep and cattle, if allow c ^ 
do show preference for certain plants or parts of plants, whether ^ ^ 

because of the greater palatability of this vegetation or whether 1 ^ 
because only these particular plants arc available at a suitable stage 
growth for grazing, is still not clear 

HERBAGE SELECTION BY THE ANIMAL IN RELATION T ° 
ITS NUTRITIONAL REQUIREMENTS , 

A question of considerable practical importance is whether sheep *** 
cattle are guided in their preference for certain types of vegetation tty 
some nutritional mstmet If this were so then observations of annn ^ 
behaviour could serve to indicate the type of pasture composition 
suited for these animals Because cattle have frequently been sc ^ 
to spend some time grazing in the rough grass and weeds at 
bottom of the hedgerows surrounding a cultivated pasture or even 0 
the hedgerow itself, a school of thought exists (c g Stapledon, 1 9-W 
which interprets such behaviour as indicating the recognition J 
the animal of a lack of some constituents m the grasses and clo' c 
provided m the pasture but which arc present in the hedge* 0 '' 
Amlysis of the weeds so consumed has shown that they arc u suail 
nchcr m trace elements such as copper and cobalt and often in ealennn 
phosphorus and magnesium than young grass although the different 
m the quantity of the major elements may not be great Beta 
calaum and phosphorus arc required m considerable quantity ' 
growth and milk production and this is adduced as one of the reason 
tor the cows’ preference for the w ceds One point often overlook 0 
however is that the amount of these elements obtained by hedged 
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grazing is small compared with what the animal normally receives 
from the pasture, although this criticism would not apply mb trace 
elements present in the weeds if they were completely ah Kent tin i the 
grasses and clovers. Thomas, Rogcrson and Armstrong (. 95 ^ have 
shown that a pasture containing more than 20 per cen o p 

duced appreciably less dry matter per acre than herb-free pastme =md 
the digestibility of the protein was considerably reduced. These arc 
disadvantages To set against the increased amount of mineral elements 
provided which, so far, have not been clearly shown to confer equiva- 

lent benefit on the grazing animal. . . , 

The only controlled experiment attempting to investigate the effect 
on cattle of including herbs in pasture is that by n e, or 
Gimingham (1952)- These authors compared the increases m hv 
weight of two similar groups of Ayrshire calves from Ma V t0 Se P“™" 
bet when one group grazed on a weed-free pasture and the other 
group grazed on another part of the same pasture w c con arne 
addition, both natural and sow weeds. To ensure that the weed-free 
pasture did not produce mature browse by growing more qu 
than it was grazed, this sward was topped with a motor mower when 
necessary. There was no significant difference in health or in 
weight gain between the two groups of calves during the expenmen 
nor at the end of the period, despite the requirement of these young, 
growing animals for large amounts of minerals for bone formation. 
This suggests that, for this class of stock at least, weeds and browse 
were not a necessary part of the diet. As these authors recognized, a 
similar trial using adult cows from the calf-heanng stage to the end t 
lactation would be extremely interesting. . * 

As previously mentioned, the well-known habit of grazing animals 
of selecting leaf rather than stem has often been taken as evidence 
their nutritional wisdom since leaf contains more digestible nutrients 
than stem. It may be so, but certain physical considerations should 
also be taken into account. Sheep and cattle have front tee _ ° Y 
the lower jaw and a pad of hard tissue in the upper, so that in the act 
of grazing, herbage is tom off the plant rather 'ban bitten. It seems 
reasonable, therefore, when easily tom leaf is available that it should 
be eaten first in preference to the tougher stem. Moreover, as the 
animal puts its head down to graze, the upper leaves 0 t ic grass o 
clover arc the parts of the plant presenting themselves first and there is 
1 no obvious reason why the animal should disregar t cse an scare 
f for the stem at a lower level. It is very noticeable when cattle arc 
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close-folded tbit the herbage over the whole area is grazed m iefimte 
steps, the upper leaves first, followed by leaf-bearing stem and lmall), 
if the cattle arc forced to it by strict rationing, the almost leafless ste 
One rarely finds cattle eatmg a small area down to the leahess s 
whilst any more leafy herbage is still available Sheep avoi ste 
material to a greater extent than cattle and this again may e pa *; 
because of the mechanical difficulty involved in gathering it 

The first need of an animal is presumably to obtain an adequate supply 
of energy-producing food, and by eatmg mainly the leafiest materia 
the grazing animal does this It so happens that at the same time ^ 
obtains large amounts of digestible protein, often more than it rcqun 
(see, for example, van der Kley and van der Ploeg, 1955) ° 

pasture management therefore should aim to supply the necessary 
nutrients as efficiently as possible, without either wasting good-qu lC ) 
herbage on the one hand or decreasing animal production by prow g 
indigestible material on the other Unfortunately, this is easier sai 
than done and the management of pasture to provide what is best o 
the animal is often not the one that is best for the pasture and vice vers , 
although the practice of close-folding or rotational grazing goes som 
way to satisfy both demands . 

In an endeavour to determine whether sheep could instinctive y 
select a suitable diet when given a free choice, Gordon and Tn 
(1951) offered eight penned, pregnant Cheviot ewes three f° oc ^’ onC 
high m protein, one high m carbohydrate and a third of chopped n a >» 
all supplemented with minerals All eight sheep chose a diet too nc 
in carbohydrate, with ratios of protein to starch ranging only from 1 7 
to 1 12 instead of the 1 5 ratio said to be more suitable All got too 
fat and inactive and all ate much more food than normal, about 4 
of dry matter per day compared with a more usual amount of 2 5 
These ewes became so inactive m the three or four w eeks before lam 
mg that they then actually ate less than the amount required to 
and feed their lambs and only two healthy lambs were reared, 
ewe died and one became ill Although these penned sheep 
clearly incapable of choosing a diet suitable for their own and thc^ 
lambs well-being, this result can only apply to sheep under 5 
particular conditions of this experiment. The results are extreme!) 
interesting and continuation of this type of work using other feeding 
systems is necessary . 

It is w ell known that deficiencies of both major and minor nun 
elements affect animal health and production and smee such deficiencies 
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are much less immediately apparent to the farmer than a lack of herb- 
age bulk or quality, it is important to know whether the grazing animal 
can itself recognize and rectify this type of nutritional deficiency. 
The evidence is somewhat contradictory but this may partly arise from 
the experimental techniques used and the different degrees of mineral 
malnutrition suffered by the animals used by the different workers. 
Gordon, Tribe and Graham (1954), for example, offered two mineral 
mixtures, only one of which contained phosphorus, to hill sheep and 
cattle grazing on phosphorus-deficient herbage and whose blood- 
phosphorus levels were only half the normal value. The experiment 
lasted for one year and in that time although more of the phosphate- 
containing mixture was eaten, the difference was not statistically signi- 
ficant and the more important finding was that the weight eaten of 
both mixtures was small compared with the animals’ requirements. 
There may be many reasons for such a result. The grazing area, for 
example, was large compared with the number of places where the 
minerals were available. There were only eight groups of troughs 
for 90 cattle and 500 sheep in an area of 5,500 acres, much of it moun- 
tainous country, and trough-feeding would be something of a novelty 
for such sheep. Again, it is possible that the chrome deficiency of 
phosphorus in their blood did not create a desire for the mineral and 
that they failed to recognize or associate any benefit accruing from a 
consumption of the phosphate mixture. They may in addition, have 
disliked the taste of the minerals. In contrast, Stewart (1953) noted the 
marked preference by sheep in a cobalt-deficicnt area for pasture that 
has been top-dressed with cobalt sulphate at the rate of 2 lb. per acre. 
There was no difference between the pasture on the dressed and 
undressed halves of the field except in cobalt content (0*3 parts per 
million). Stewart’s experience however, agrees with that of Tribe 
(1954) in that in another cobalt-dcficient area he found that sheep 
did not cat a cobalt-rich mineral mixture placed in troughs. Whether 
missing trace elements are more efficiently provided via the herbage 
than as mineral supplements, particularly for hill sheep unused to 
trough feeding, is of considerable importance. 

From results such as those quoted it is obviously difficult to deter- 
mine whether cattle and sheep, the former often grazing under con- 
ditions which restrict their choice of herbage, can sense and remedy 
minor but important nutritional deficiencies. Field experiments 
Usually contain such a large number of variables that the results arc 
difficult to interpret, whereas more controlled experiments may give 
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apparently clcar-cut results which arc not directly applicable to the 
animals m their normal environment! The field experiment vat 
relatively small numbers of animals, imdcr as controlled conditions ai 
possible and repeated sufficiently to eliminate or minimize ‘individu- 
ality’ would seem to offer most chance of progress in this interesting 
and important subject 


THE SENSES USED IN HERBAGE SELECTION 
Sight and smell are probably of equal importance m the selection of 
food by the grazing animal but taste and touch no doubt play a 
well It is difficult to determine experimentally the importance of the 
various senses and only a few attempts have been made to do so n 
one experiment Tribe and Gordon (1949) tried to determine whether 
six sheep could recognize colours b) their ability to associate b uc 
light with a palatable feed and red light with a sawdust feed 
a 70-day period none of the sheep went regularly to the palatable fee 
m the blue light when offered the choice and the authors conclude 
that the sheep were colour-blind Such an experiment leaves unre 
solved, of course, the question of how well sheep can remember 
association once discovered nor docs it allow for the natural mquni' 
tiveness of the animal This result is, however, in accord with the 
view now gaining acceptance that although sheep and cattle and man) 
other animals possess cones and rods in the retina of their eyes (Traut* 
mann and Ficbiger, 1949) only apes, monkeys and men of the manim 
possess colour vision It may be remembered (p 297) that Mdt°n 
V* 953 ) noted the preference of sheep for green leaves as opp° sc “ t0 
yellow, brown or withered ones but even with monochromatic 
vision such colours, by their different light-reflecting powers, would 
probably be distinguishable 

There seems little doubt that sheep and cows, lie many 
animals, possess a sense of smell and often appear to use it in berhag' 
selection As the result of an indoor experiment with sheep, Tribe 
V ® 49 *) confirmed tins but suggested that if sheep were continually J» 
the presence of the smell of grass and clover, as when grazing. 
smsitmty to these smells might he diminished It is also p°» blc 
that the sense of smell used less to distinguish between plants than to 
recognize the presence of objectional material such as dung and unn= 
It is impossible at present to say to what extent a sense of touch is used 
h "H c selection A recent histological study has shot® 
that m the epidermis of the cow's muzzle there is a nerve structure not 
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ualilce that present in the human gum (Nisbet, 19,56). This could 
presumably provide a very sensitive organ for distinguishing between 
the feel of various plants and may be used in the often-observed rejec- 
tion of hairy and spiny plants. 

THE EFFECT OF FEED SUPPLEMENTS ON GRAZING 
BEHAVIOUR 

The work described so far has dealt with animals receiving all their 
feed from grazing. A question of some practical importance is how 
the normal grazing behaviour, particularly of dairy cows, is affected 
when the animals are also given some supplementary feeding. The 
reasons for giving supplements are various; it may be in an endeavour 
to increase milk yields or maintain them at a high level, or it may be to 
eke out pasture by supplying hay or silage or, by providing starchy 
food in autumn, to balance the high-protein pasture obtainable under 
a system of controlled grazing and heavy fertilization. 

Most of the work done on this subject has been with dairy cows and 
the results suggest that the difference in grazing behaviour of supple- 
mented and control cows is not very great. MacLusky (1956) 
measured the herbage intake and the milk yield of two small groups 
of Ayrshire cows during four one-week periods. One group received 
8 lb. of concentrates per day in addition to the feed obtained by grazing, 
while the other group received none. The grazing behaviour of the 
animals was observed for one 24-hour period in each of the four weeks. 
His results arc summarized in Table 9.3. 


TABLE 9 . 3 . The effect of feeding a concentrate supplement ( 8 lbjdayfcoiv) on the 
intake, production and grazing behaviour of dairy cattle (MacLusky, 1 936) 


HPISM' 

Herbage dry- 

1 Milk yield 

Grazing 


u 

| 

1 matter intake 
(lb /day) 

(lb/da>) 

time (gt) 
(hrs) 


gt 
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27-4 1 

Mm 

■■vnv? 

0-86 

fHHH 

MM 

29-8 1 

HI 

mm 

0-90 


* Difference iipmfieant at 0-a per cent level. 


Feeding concentrates resulted in a reduction in the amount of herb- 
age dry matter obtained by grazing, equivalent to about one-third of 
the weight of concentrate fed. while the amount of herbage eaten per 
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hour by the two groups remained the same The total weight of 
food eaten by the supplemented group, although higher than that eaten 
by the control group, required less rumination than the all-grass diet. 
MacLusky reports that when the grass offered was of poor quality 
the difference m grazmg time between the two groups increased, the 
supplemented cows reducing still further their intake of herbage 
This suggests that to tty to impros c the diet of animals feeding on poor- 
quality pasture by providing a concentrate supplement may, to some 
extent, be self-defeating smcc their reaction may be to eat less of the 
poor-quality pasture The ascragc increase m daily milk yield of a 4 
lb per cow by no means paid for the concentrates and the addition^ 
labour involved It would be interesting to see this experiment 
repeated with high-yielding cows which might have more difficult) 
in obtaining sufficient nutrients for their maintenance and production 
solely by grazing Results similar to those of MacLusky' ' scrc 
obtained by Hardison, Fisher, Graf and Thompson (1956) > n Amer T 
when the provision of 6 lb of gram per cow reduced grazing omc b) 

7 5 per cent 

Silage as a supplement for grazing cattle has been reported by 
Percival (1955) also to reduce the amount of gTass eaten 1° 15 
experiment the total w eight of dry matter obtained from silage p n* 
grazmg was less than on grazmg alone The digestibibty * c 
organic matter of the silages provided was only 59-64. per cent, and the 
oiergy and time required to digest the supplement appeared to cut 
down the intake of the better-quality herbage to the detriment 0 
animal production. 

Under the hot summer conditions of Louisiana a hay suppl cn ^ nt 
given to dairy cows fed also on good pasture and grain had httle effect 
on ammal behaviour or production (Scath and Miller, 1947) AboUt 
5 lb or hay was eaten, usually at a time of day when the control group 
was not normally grazmg but the proportion of time spent m djf 
and night grazmg was the same for both groups Cows eating 
largest amounts of hay grazed for about 40 minutes less than the con- 
trolcows and milk production was not appreciably affected 
The evidence therefore suggests that when cows are fed supplement* 
they react by grazmg for a sbghtly shorter time and this, no doubt, 
represents a saving of grazmg energy and of pasture If the supple- 
ment n easily digested there will be a further saving of energy 60m 
the reduenon jn the amount of rumination required but the reset* 
be true if the supplement is of low digestibibty For darn coves 
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already producing their maximum yields on good-quality pasture, 
supplements appear unlikely to cause any marked increase in milk 
production. Starchy supplements, however, which have been found 
in winter feeding trials to increase the solids-not-fat composition of 
milk, might well be used to improve milk composition in late summer 
when it is frequently low. 


CONCLUSION 

Perhaps the most striking result of the many observations of grazing 
animals has been to show the regularity of the life of the grazing 
animal in any given environment. So long as there are no extreme 
changes of weather and the herbage is adequate in quantity and of a 
reasonable quality, the pattern of grazing, ruminating and resting 
remains remarkably similar from day to day. Even when new systems 
of management are introduced, such as close-folding, the only effect is 
to alter slightly the time spent in the various activities and not the period 
of the day in which they are done. There is, of course, wide varia- 
tion between individual animals in grazing habits and tbe little evidence 
available suggests that such habits arc, at least in part, genetically 
determined. 

The deleterious effect of poor-quality herbage on animal production, 
particularly on milk yield, is generally known although surprisingly 
often tolerated in practice. Observational studies have shown that 
both sheep and cattle take longer to ruminate such material and that the 
time spent in grazing it is usually short. There is evidence that the 
Weight of herbage dry matter eaten is reduced when the fibre content 
is high and, since its digestibility is always lower than that of young 
material, the animal usually receives less nutrients than it needs to 
maintain production. 

There is still some controversy as to whether the grazing animal can 
select herbage which provides the best diet for itself, and, indeed, 
whether modem pastures grown from simple seed mixtures allow the 
animal sufficient choice of material. There is little doubt that such 
pastures, if properly managed, provide energy and protein in a form 
which allows the grazing animal to obtain its needs without necessitate 
mg any real selection of herbage. Moreover, as long as a reasonable 
amount of clover or other legume is present in the pasture, the amounts 
and proportions of calcium and phosphorus will probably be adequate 
also, except perhaps for the high-yielding cow at the peak of lactation. 
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Whether such pastures provide all or enough of the necessary minor 
elements is not so clear, largely because the importance of many ° 
these elements for cattle is only now receiving much attention n 
the little evidence available, it appears that cattle and sheep suffering 
from major or minor element deficiencies do not rehsh straig 
mineral mixtures containing the missing element They may, 0 
ever, show a preference for herbage that is rich in the parti r 
mineral * 

It is clear that, from the point of view of the agriculturalist, many o 
the studies of grazing behaviour are less useful than they could have 
been because no measurement of ammal production was include 
This surely pomts the direction for future development of this interest 
mg subject, as a useful and probably necessary accompaniment o 
experimental work designed to improve grassland management an 
animal husbandry rather than as a subject m itself There is, 
example, the outstandingly important question of why animals 0 
apparently similar capabilities vary so widely in their ability to con- 
vert grassland and other fibrous foods to meat and milk It is not 
suggested that the answer to this question is likely to be provided solely 
by studies of grazing behaviour, smee rumen metabolism, anmia 
health and digestive efficiency are all probably more important 
Nevertheless, an accurate record of the animal's activities in the field, 
coupled with quantitative estimates of herbage intake, herbage digesti- 
bility and a record of animal production would provide results whic 
could usefully serve as a guide to further field and laboratory expen- 
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CHAPTER TEN 


Dairy Cattle 

C LINE 

Introduction — Form layout, fencing end watering — Efficient herbage coni ers ton 
Methods of pasture feeding — Supplementation of herbage diets — Concert atton J 
herbage — The balance between su ard and cou’ 


Pasture herbage is comparable with the natural food of cattle mi 11 
also the cheapest available source of nutrients which can be produce 
for feeding the cow To these two features, sufficient m themselves 
to justify the maximum use of pasture and pasture products for ca^ c 
feeding, can be added the fact that well-managed grassland is capab 
of outyielding, acre for acre, most other crops that can be grown ° 
this purpose (Fowler, 1946, Holmes, 1951) 

In a country where cost of land, compared with other produce 011 
costs, has in general been relatively low, output per acre has not been 
regarded as very important by the producer, provided he is fortunate 
in having an adequate area for economic operation In times of national 
shortage the high productive potential of the pasture-fed cow has been 
well recognized The high-yielding cow is m fact the best converter 
of roughages to human food (Godden, 1948 , Hodgson, 1952) . 

Even the most intensive production from pasture can be obtain c 
with a modest labour requirement, the crop being particularly adapt- 
able to mechanization The point has almost been reached where »t 
is possible, as with com growing, to do all operations without leaving 
the tractor seat The work can be done with little physical effort at 
air y high speeds and with as much power as we demand Pastur 
is bound to replace row crops used for stock feeding which have * 
high labour requirement in relation to their feeding value F uU > 
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reliance on pasture feeding arc at least compensated for by ^ 
in other feed costs there arc sound economic grounds tor o 
such a policy Consideration of the facts suggest that these nsts 
very good ones Meanwhile a substantial part of our grass n ^ 
search effort should be and is aimed at overcoming such pro crus 
do arise, and so make this proposition even more attracts c. 


FARM LAYOUT, FENCING AND WATERING 

Where it is intended that pasture production is to be fully ex pi 
good access to the grazing areas is an important part of dairy * 
organization If the farm is predominantly concerned with daily ^ 
and the intention is to take leys in rotation over most of the wrm, 1 ; 

obviously desirable that the cows can be easily taken to and from any 
field, preferably by one man, without undue effort or distur 
on either part If outlying fields arc difficult to reach they' v *’ 1 , 
to become considered as ‘ungrazable* by the milking herd and 


thus be subjected to the looser grazing management frequrntly 
associated with rVic Virrd Fnl1nw<*r< SsurVi Fields tmd to provide 


associated with the herd followers Such fields tend to pr< 
undue share of conservation crops, and their swards will be incline ^ 
lack density In contrast the easily accessible fields in the vicinity 
the farm buildings will tend to be o\ ergrazed and will often be use a 


w grazed ana wiu uhcii . 

exercise grounds as well, a practice which is particularly detnmen ^ 
when the ground is wet Although these fields receive a large share ^ 
the farm’s fertility their production is bound to suffer from cxcessi' 
fouling, overgrazing and treading The practice of using fields neat 
the dairy as night paddocks, convenient for early-moming milking, 
been investigated m New Zealand (Goodall, 195 1) It was estimate 
that 50 cows in 6 months would transfer 25 tons of dung from the ) 
paddock to the night paddock, and with the mclusion of transfer as 
urine, this would be equivalent to 2 cwt of superphosphates, 3 oVt ° 
30 per cent potash and 5 cwt of sulphate of ammonia Where W* 
night paddock is relatively small the effect would be accentuated- 
In addition about \\ times this quantity of plant nutrients would c 
deposited on roads and in the cowshed After years of such transloca- 
tion fertility trends develop (Scars, 1950) and the use of the modem 
j *P rca dcr is often needed to correct this tendency 
Ideally the firm buildings should occupy a central site, with a correct 


balance between the number of milking cows and the grazing acrcas ' 
Herd size, mainlv Wv-onc >1 . r .1 to 


1 size, mainly because of the problem of the cows travelling * 
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and from the grazing areas between each milking, is generally limited 
to units of 60-70 cows, the tendency being to split larger numbers into 
more or less independent herds, even when the cows arc on the same 
farm. Regrettably, farm layouts are often inherited which were not 
devised for dairying on a large scale and certainly not with labour 
saving and mechanization in mind. Considering that these trends arc 
sure to continue there arc strong grounds for making a fresh start when 
opportunity presents itself, rather than perpetuating an existing jumble 
of buildings, perhaps on the wrong site, by additional investment. 

Farm roads, if fully fenced and gated, can sometimes be arranged so 
that the cows can be allowed to travel back to the grazing area after 
milking on their own. Frequently one field has to be passed through 
to get to another, this fact sometimes being advanced as a sound 
reason for not really cropping a piece of land at all. The access field 
becomes a reservoir of weeds and rough grass in summer, a morass in 
winter, which, when it produces what little it can, only serves to 
impede cattle handling. By the construction of a light fence along 
one side — an electric fence serves very well — the cows can be con- 
fined to a narrow lane and the remainder of the field put to a really 
productive purpose. 

There is a tendency to root out hedges and fill in ditches, converting 
the farm into a few large expanses devoid of fences. General manage- 
ment is simplified by this tidying up and large areas are much easier 
and quicker to deal with so far as mechanization is concerned. This 
tendency towards ‘prairie’ farming, while very suitable for pasture 
conservation, does not tie in well with the limitations of herd size and 
knowledge that extensive uncontrolled grazmg does not lead to the 
best pasture production and utilization. The ideal conditions for 
grazing management are therefore rather in conflict with modem 
trends. An easy method of economical subdivision is needed, which 
can be quickly removed when not needed. 

The two methods of fencing chiefly used for this purpose are light 
post and barbed wire or the electric fence. Barbed wire, invented 
intentionally to be unpleasant, is also relatively expensive, particularly 
if the area is only grazed, say, 4 years out of 8 in a rotation. "When 
barbed wire is used, especially where cows are closely confined, the 
strands on a level with the udder should be of plain wire. Injured 
udders, apart from being troublesome to milk, are very liable to 
become infected with mastitis organisms with serious consequences 
for milk production and hence the value of the cow itself. The more 
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intensive the management the more the cow's arc likely to be confined 
in yards, parlours and reduced grazing areas. Apart from any hum we 
aspects, it is just sound economics to remove sources of injury. c 
homing should be an essential part of the routine. . 

Electric fencing is far cheaper than barbed wire, easier to erect an 
recover and less liable to cause injury'. No discussion concerning 
grazing and dairy’ cows could be complete without due consideration 
of the place of electric fencing. It is remarkable that a technique 
which was regarded at first as something of a novelty, not perhaps to 
be taken too seriously, has within a couple of decades become a w 
recognized tool which on many farms is as much a part of the every y 
life of the cowman as the milking machmc. The main use of 
type of fencing is for temporary purposes, due to its losv cost and mg 
speed of construction and recovery. Unfortunately it cannot be con- 
sidered completely stockproof, although of course this is true to some 
extent of most forms of farm fencing. All aspects considered i 
certainly has no equal for the subdivision of fields and even its use as a 
boundary fence is not unknown. 

Details of equipment, construction and maintenance of electric 
fences are dealt with m a publication devoted to this subject (Line an 
Burton, 1957). Consideration of their uses for grazing control are 
left to the chapters on grazing management, since electric fencing is omV 
a tool for achieving a particular end. That we may' need to aoju st 
our ideas about strip-folding does not mean that there is no use or 
the electric fence, for even those who carry pasture to their cosvS m 
yards and self-feed silage still find applications for the electric fence in 
and about those yards. 

A good supply of water is essential for milking cows. Lack of v'» tcr 
on pasture even overnight, will almost certainly reduce milk yields at 
the following milking although the effects will depend on conditions 
at the time. It has also been suggested that yields will suffer if fi 5 "* 5 
are large and therefore cows may have long distances to travel for 
water. If this is the case it is apparent that cows can restrict their inwk c 
of water voluntarily much as they reduce their intake of herbage when 
the sward is coarse and unpalatable. Therefore it appears sensible to 
encourage maximum intake of water bv making access as easy a* 
possible. 7 

During a grazing experiment it was possible for two seasons to record 
the amount of water consumed daily by individual cows fed on all- 
pasture ets. Each cow appeared to have a characteristic requirement! 
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modified from day to day by pasture and weather conditions. The 
maximum intake of some cows reached about 18 gallons on a hot day 
but in cool, wet weather in spnng there were some eases when certain 
animals drank virtually nothing at all. The average for these Friesians 
and Shorthorns was about 7-8 gallons a day but the average peak 
demand, of main interest when planning supplies, was nearly twice that 
amount. Ayrshires in Scotland arc reported to have averaged an 
intake of 5*5 gallons a day (MacLusky, 1959) and appeared to adjust 
the dry matter of the herbage eaten to about 12 per cent. In passing, 
during winter it has been observed that Friesian cows fed kale of 13 per 
cent dry matter did not appear to need water between the morning 
and afternoon milkings. Feeding dry foods such as concentrates, 
with a dry-matter content of about 85 per cent, will naturally be 
expected to increase water requirements at pasture. 

It has frequently been suggested that foods with rather low dry- 
flatter content such as spring pasture, will, by virtue of their bulk, 
limit intake of nutrients. Grazing, as when stnp-folding, is noticeably 
not so close on wet days but this is probably due to lowered payability 
caused by increased soiling of the herbage. Even if some restriction 
of intake does result it would tend to occur when pasture is young and 
highly digestible and there is a school of thought which considers 
that reduction of intake at such times is desirable, as the potential of 
such pastures is much above that of the cow (Ivins, Dilnott and Davi- 
s°n, 1958). Water is normally supplied by pipe and trough although, 
in spite of the risks of water-borne infection, supplies from rivers and 
the like are often used. Very foul water is unpalatable to cows and 
may be largely refused, a fact which is not always noticeable. Fairly 
large troughs, acting as reservoirs, are an advantage where pipes arc 
small in bore and supply pressures low, one large trough by careful 
siting being capable of supplying several paddocks. Polythene pipe 
is rapidly gaining in popularity in that it can be fairly easily installed by 
farm labour, although the local authority may resist such activities. 
When used hosepipe-fashion to extend mains this type of piping is not 
easily damaged on reasonably soft ground by rubber-tyred vehicles 
snd cattle will graze round the pipe generally without disturbing it. 
In cold spells these surface pipes are liable to interruption by freezing, 
although the pipe will not burst. Water bowls on a light supporting 
frame arc effective if pressure is good, but should be sited in a position 
where they arc not likely' to be fouled by dung, such as just beneath 
the electric fence. There is little point in fixing more bowls to a pipe 
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than it can supply at one time. Bearing in mind the amount requir 
carting water for cows can only be a stop-gap method considering 
cost of labour. ^ . 

Grazing facilities have been dealt with at some length as they n 
to be adequate if a good job is to be made of grassland managemen^ 
particularly with regard to the milking cow, which must be mo\ 
frequently for milking and needs to be reasonably fed and water 
the time for the best results. Lack of facilities leads to poor grass 
management because the amount of effort needed to do the job pr Pj 
erly becomes excessive, particularly for a man whose daily r0T ^ 
covers a 1 2-hour day. The concentrate bag offers an easy s\ay_ 
and it is not a great step to the point where the cow is fed ma ) 
from this source, the pasture becoming an exercise ground between 
milkings. 


EFFICIENT HERBAGE CONVERSION 

Having nude the necessary efforts to produce the most su * u ^ 
herbage for the cow it seems only logical to convert as much as p ossl 
of the crop into saleable products at the earliest opportunity. 
should be that all grazable material, which for cattle means all her £ 
more than one or two inches long, should be put through ^e -un " 1 ' 
The longer the herbage is left on the stem the less palatable it is likcl) 
to become and hence for any particular animal the lower the ) 
intake for any level of appetite. Further, assuming the same degree 
of appetite, any herbage which is not eaten off at one grazing is eVCD - 
less likely to be consumed on the next occasion. The quantity 0 
herbage which is left to decay, whether it is cut off or not, is a mcasurt 
of the success or otherwise of the grazing management. It is * 
poor argument that mowings will aid in building up the fertility ot 
the soil for they could have done that for all practical purposes just a* 
well if they had first passed through the animal. 

There is some difference of opinion as to what height the her a 5 
should be allowed to grow to before being grazed. Before consider- 
ing this aspect it is well to point out that, whatever height range 
amied at, in practice it will often be necessary to graze outside » 
limits set, due to wide variations in herbage growth rate comp* 15 ® 
m ttc short term, a fairly constant demand from the herd' 
Results from small plots, harvested by cutting, indicated that keeping 
t e erbage short by frequent harvesting will weaken the plants an 
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reduce the total yield for the whole season (Stapledon, 1924)- 
hec o er theplL are grazed the slower the rate of recovery (MrtcheU 
and Coles 1955- Brougham, 1956). This suggests that frequent ve^ 
“osegr^uch as Jght occur to a palatable patch of a contmuously 
grazed pasture, particularly with sheep, should he avorddLfater- 
mittent grazing by milking cattle, particular y as t ey a * 
be allowed to become very hungry, is much less lfoely to pumsh the 
sward to anything hke the same extent. Certamly much harm can 
result by leaLg the sward too long before grazing. Grasses becom 
too coarse and 8 constituents such as cocksfoot develop excessively 
whilst low grazing plants, particularly clover, are J 

bottom of the sward is opened up, a tendency encouraged by mtrogen 
allowing more opportunity for the ingress of weeds on ^ 
bare patches. Stemmy material with tussocks wdl result hable o be 
trampled down especially if fed generously. The trampled material 

will rot and destroy more plants, again leaving bare pate es. 

after such treatment, as after a late-cut hay crop, is naturidly slow 

Whileclovcr.undcrfavourable conditions will spread over unco omzed 

ground, cultivated grasses, unless allowed to seed, which « not m foe 
best interests of herbage production, do not as a rule do this to any 

useful extent. . , , . 

Rapid production, when conditions are favourable, is a g™' attri- 
bute of the grass crop but there is no practical economic way so far of 
arresting such growth when the ideal stage of development is reached 
although it is possible that some satisfactory hormonal treatment may 
ultimately be devised for this purpose. The natural tendency 
wait until the ideal stage of growth is reached c ore s ar g 
or conserve the herbage. As utilization is bound to take sonu 1 tone 

complete, on a large field supplying perhaps severa wee B 

a time, there is a strong hkehhood for a cons, datable propori ~ 
crop to be dealt with well past its optimum stage of , 
especially in spring and early summer when grown J\ ' 

Generally speaking, the aim should be to commence convemon on the 
early side, xvith the utilization of the crop planned well m advance 
rather than taking action to rectify- a deteriorating situation half-asaj 
through the crazing. Herbage will then tend, on average, to be more 
palatable, more digestible and therefore require less supplcmcntanon. 
Taking a radier mature hay crop from an area intended for grazing is 
almost certain to upset the continuity of even the most flexible grazing 
plan for the rest of the season. 
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There are some who prefer to graze a fairly long sward on the 
that a greater bulk is produced of a quality more suitably mate e 
the nutritive requirements of the cow As the average herd us J 
contains animals having a fairly wide range of nutritive requiremen 
concentrate supplementation seems to be indicated under these con 
ditions for the higher-yielding cows Some research with gj’ 22151 ^ 
cattle to compare the relative values of swards kept long and s or* 
already m progress The probability is that, for cows at least a nu ® 
course, avoiding extremes in either direction is in fact a reasona 
compromise for both cow and pasture The flail harvester does now 
offer a solution for the disposal of trodden-down long herbage but t 
does not make good the waste which has occurred A good reason 
for leaving an area of pasture ungrazed is to provide a continuity 
feed supply when herbage growth has been curtailed by drought 
the onset of autumn This ‘storage on the stem’ is not particular y 
good for either pasture or animal but it is sometimes an unavoida 
necessity Repeated close grazing m drought tends to aggravate te 
shortage by delaying recovery when ram does come In autumn 
growth is slow and there is plenty of time to tidy up such material pr^ 
vided that land is not so wet that the plants and soil texture arc damage 
by treading thereby reducing yields the following season ^ c 
winter forage alone might be suitable for store cattle (Hughes, I 95jv_ 
it must be remembered that so far as milk production is concerned th 
nutrient content and palatabibty are not very high , 

The greater the degree of utilization of a pasture the smaller t e 
margin of allowable error in the judgement of the minimum amoun 
of herbage required. It is understandable that very intensive utmz3- 
tion might w ell be considered too much of a risk in the case of lug ^ 
yielding cows, as a fair amount of attention to detail is required in day 
to-day grazing management It is possible to organize a more i°°' 
proof system which will achieve similar or possibly even better cn^ 
This can be done by allowing first access to the pasture for the mom 
responsive stock and final clearance of the herbage by the other stocJo 
For example, the milking herd could be split mto a group of high and 
a group of low yieldcrs Although not entailing a great amount oi 
extra organization if this procedure is considered too much trouble an 
alternative is to use the herd followers or even other classes of stock to 
do the clearing up* 

Two experiments each using two groups of milking cows of 
potentia \v ere earned out allowing one group to graze just af tcr 1 
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other as described (Blaser et al, 1959). Although rationing was con- 
sidered generous the milk yields of the group having first cho.ee .were 
superior. The group grazing afterwards must be close on he ^ ee ' s of 
the fust animals if grazing of recent recovery growth, generally accepted 
as very detriment to future herbage production, is to be avoided 
In New Zealand the calves, pasture fed, are sometimes given pnonty 
over the milking herd in a similar fashion, in order that they shoidd 
have a superior choice of herbage as well as avoiding heavy mfestation 
with internal parasites. The extra effort entailed m operating this and 
other integrated grazing systems will depend considerably on the farm 
layout and fencing and it was for this reason that this aspect was stressed 
here when fust considering pasture utilization. As mentioned (Ivms 
et al., 1958) there are those who consider that pasture potential can be 
high above that of even the high-yielding cow and therefore intake 
can be restricted without loss of yield. Whether or not this is the case 
for high-yielding cows there are good grounds for thinking that it is 
true for the lower yielders and the intake of the followers cou cer am y 
be cut down when pasture is abundant. There is litde reason for 
stinting the higher yielders until a restrictive policy has been imposed 

on the rest of the stock on the farm. . 

Grassland recording systems, which have been in existence m vanou 
forms for some time, have had considerable attention over the last 
few years and have claimed a number of enthusiasts A sub-committee 
appointed by the British Grassland Society published a report on the 
feasibility of measuring production under commercial farming con- 
ditions (Barker et al, 1955). A method is given o estimating 
starch equivalent output of pasture to allow comparison between 
grassland of different types and different management systems. As 
admitted in the report, there arc unavoidable errors inherent in the 
recommended procedures but these are not normally held to be so 
large as to vitiate application of the method. Strong criticism 
been made of the method whereby full deduction is made for all con- 
centrate foods fed, as this assumes that invariably full response to con- 
centrate feeding will be obtained (Cooper, 1954, WSJ- Considering 
the frequent necessity to introduce personal judgement into the 
estimates, small differences indicated by such a system should be view cd 

with much caution. , . . t. . j. 

The value of the method probably lies in the fact that .there arc such 
peat differences in output of good and poor grassland that these errors 
arc perhaps relatively unimportant. Unfortunately the really bad 
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grassland manager is rather unlikely to be bothered with what he ma> 
well consider to be a fairly detailed system of this type* 111 ^ 
simpler one embodying perhaps just recording cattle grazing 
an estimate of conservation crops for each field, might serve an eq ) 
effective purpose m this case 


METHODS OF PASTURE FEEDING 

The simplest way of feeding a herd on pasture is to let the cows roain 
at will o\er the whole grazing area A minimum of labour, fen e 
and watering is required and, provided the stocking rate is sui ' 
adjusted to this tempo of utilization, the cows will look after them 1 
selves tolerably welL They will overfeed when herbage is plc° 
neglecting less palatable plants and portions of plants, only to consume 
this poorer material later m the season when it is even more un | ttr ^ £ . 
tive Should severe shortage occur, due to drought for examp c > 
only course is to feed some other food or dispose of some of the catt 
Such a system is open to market fluctuations the prices of ha) 311 
cattle responding rapidly to supply and demand at such 
Production per acre is unlikely to be very satisfactory but these met 
arc usually linked with the use of permanent pasture which is m uc 


arc usually linked with the use of permanent pasture which is m 
less liable to get out of hand than a vigorous well-fertilized e) 


,. & orous weu-reiu— - - , 

Indeed it would not be advisable to invest very much m ley 5 
fertilizers if the resultant pasture were not to be used more efficieQ ) 
for the profitability might well be reduced by such practices 

A higher utilization rate m the short term can be achieved ) 
grazing the area with more cattle than the pastures can be expect 
support for a good deal of the season, making up the deficit b) the use ° 


- rr *• ui tile season, maxing up tne qcuui — - , 

concentrate foods If the supplementary food is rationed mtelhge 11 
the output from the pasture will be improved since the output o 
stllrp 11 v- i . «„~»rtlCe 10 


pasture is very sensitive to stocking rate It is common practice 
regard the pasture „ on l y cjpjbfc of supplying a maintenance n 00 
for the con over a good deal of the season but providing this »PP I0S " 
is profitable, economically there is no objection to it f 


Continuous grazing allows the cow to neglect the distant part 5 
the field and to utilize repeatedly and tread the areas closer to the ff 
Thus, m fields large in relation to the size of herd it is possible for ‘ 
° , a production to occur from both over- and underg 
at the same nine and an uneven spread of fertility can result as 
Control of herbage growth and flowering is reduced since no an=> 
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particular is completely utilized. For example if half tW e aofa 
field is erazed the remainder can, if not required f g 

“common, but if 50 per cent of the KeAag^dtc 

field is eaten it is more difficult to deal with ^ "°dde 

herbage mechanically and the end product will be soiled and 

extent m a shorter time. While recognizing ..miration bv 

herbage pmduetton is bound to <= “j ^“fFect is kept to a mini- 

rotational grazmg and s “^ 0 ^ g ^ Thcse mct hods are best 
described quite aptly as rauon-g « ^ which acce ss ,0 fresh 

the area allowed in a day or less, although a 

for several days. Rota “°“^k 'originally movement 

tajsft paddock was implied whereas folding suggests die 
temporary fencing off of a portion of a field. 

for the Z methods to coincide in effect, although for the purposes 
discussion the above definitions of time arc imp ic • cenerallv 

Strip-folding indicates the forward movement of 2 =™ 

electric, across a field, allowing the cows a fresh stnp .of pasture » ,t each 
move. Ideally, if die strip can be made long enough the whoIe °f the 
herbage can be grazed from underneath the f «nc fmee th cm 
being unable .0 trample on the ungeared herbage or to foul 1 1 W h 
dung 5 The difficulty i that the size of the herd.n rclahon 1 to ^the length 
of the field is such that the fence generally needs to be moved severe 
times a dav to allow access to an adequate rauon. Cows cannot 
reach under an'clcctric fence of reasonable heiglu for nwreffian a yard 
at the most and for an average crop of }CM>o 
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tell consider to be a fairly detatled ' ZL g days and 

effective purpose in this case. 


METH0D8 OF PASTURE FEEDING 

The simplest way of feeding a herd on pasture 
at will over the whole grazing «. ^"bly 
and watering is required and, provided the st S ^ them . 

adjusted to this tempo of utilization, * c co ™ , ; plentiful, 

selves tolerably well. They will overfeed when herbage " P COIliumc 
neglecting less palatable plants and portions of plants, o y 
this footer material later in the season when tt is tven mote mu 
tive. Should severe shortage occur, due to drought for «a P U 
only course is to feed some other food or dispose of some of ' 

Such a system is open to market fluctuations, the prices « " ? 
cattle responding rapidly to supply and demand a . hock 

Production per acre is unlikely to be very satisfactory but these m 
are usually linked with the use of permanent pasture which is m 
less liable to get out of hand than a vigorous well-fertilized 1<T 
Indeed it would not be advisable to invest very much m mys 
fertilizers if the resultant pasture were not to be used more e ici 
for the profitability might well be reduced by such practices. 

A higher utilization rate in the short term can be achieve y 
grazing the area with more cattle than the pastures can be expec te 
support for a good deal ofthe season, making up the deficit by t^c use 
concentrate foods. If the supplementary food is rationed intelhgen y 
the output from the pasture will be improved since the output o ^ 
pasture is very sensitive to stocking rate. It is common practice ^ 
regard the pasture as only capable of supplying a maintenance raQ °^ 
for the cow over a good deal of the season but providing this approa 
is profitable, economically there is no objection to it. ^ 

Continuous grazing allows the cow to neglect the distant P arts 
the field and to utilize repeatedly and tread the areas closer to the B ate * 
Thus, in fields large in relation to the size of herd it is possible f° r 05 
of herbage production to occur from both over- and undergrazing 
at the same time and an uneven spread of fertility can result as wc _^ 
Control of herbage growth and flowering is reduced since no area 
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particular is completely utilized. For example, if half tKeM ca^ ^ 
fidd is grazed the remainder can, i not , e QVer t h e whole 

for conservation, but if 5 ° P er cent J ° 1 . i r R remaining trodden 
field is eaten it is more difficult to deal wrth *e remammg rf 
herbage mechanically and the end product will be 

inferior feeding quality. _ . . divide the pasture 

A superior alternative to extensive grazing i tQ a desired 

into paddocks of such a size that the her a B® * certain amount of 
extent in a shorter time. While recognizing p utilization by 

herbage production is bound to be lost in t ® c , t tQ a mini- 

grating (Edmond, 1958 ; Blaser ct al, 1959) t pas ture plans can 

mum by limiting the duration of utilization. . ■ t bis attribute. 

&nd a lot of maltreatment there is little sense m ^divided pasture is 
Terminology of the various ways of grazing between 

“t particularly specific. There is no fundamentaidisnncu > 
rotational grazing and strip-folding, w 1C . * 5 me thods are best 
described quite apdy as ration-grazing. , . i a ccess to fresh 

described with respect to the frequency wit 1 . ^ feeding off 

pasture areas is allowed. Radon-grazing genera ^ „; ve n to last 
the area allowed in a day or less, although a ratio , periods longer 

fi>t several days. Rotational grazing genera .y . . a py movement 

ucussion the above definitions of time are imp 1 ^ fence, generally 

Strip-folding indicates the forward movemen f pasture at each 
dectric, across a field, allowing the cows a fresh P P whole 0 f the 
rr- lie % if' *e strip can be made long fcncc , thc cows 

herbapj. .1 c .,«d/.mp.'itb the clcc with 


—^folding indicates thc forward raov ^‘“v’" tr ; D of pasture at each 

dc «tic, across a field, allowing thc cows a fresh St J ^P ' whol( 

Ideally, if the strip can be made long cn g f encc> the cows 

r™8a can he grazed from underneath the deetr . ^ it with 

7*8 trnahle to trample on the migrazed herbag ^tothclcng* 

®g- The difficulty is that thc size of the er , p c m ovcd sever 

!*= field is such that thc fence generally needs C<JWS cannot 

m « a day to allow access to an adequate ratio „ ^ a yard 

1 . . r _r height tor m ___„ r ,, clt v, 



“ ua.y 

funder an 

^ most and for an average crop ui 
^o-too square yards of pasture 
r„i , comparisons have been ma 


pasture are needed Y cnVCC n stnp- 

comparisons have been made experiincm ]n ,]ic car icr 

°V. m, rally on a daily basis, and rotational P*®S fc equally 

a were centrally made to keep the group* 
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contented on both treatments and 

possible to do this on a smaller area of ^ W 

The cows utilized a greater percent g imn , mcmcI u in production 
advantages rangmg from 15 to 40 per c E f rcq ucntly quoted 
have been claimed, values of 20-25 cmt b S h ' dut 

(Hosking and Lme, ,9 S 6) Further uivcstlga .ons ha e sho 
stockmg rate has a very marked effect on output per acre T S 
the stockmg rate the greater the degree of ut.Uzatmr of Acte U 
and the more the make of the individual 

normally ocairs then increasing stodtmg rate deerrase P 

and yields W.U not be reduced m direct propornon to the 1 
rntake, hence part of the reason for an increased output ^per acr 
now seems probable from experiments comparing smp-fol^ ^ 
rotational grazing at the same stocking rate, that muchoriw al ^ 
differences ongmally found cotdd be accounted or y HotalcSi 
stockmg rate (McMeckan, 1956. Campling MacLusky an 
,958 , Freer, ,958 , Lme, i960) The advantages of stnp-foldmg wm 
originally attributed to reduced waste of herbage due to tnuubng 
fouling from freshly dropped dung Observanon su EB «u ®“ 
amount of waste due to dung falling on to the herbage a 
grazing is quite small Dung contammauon from previous grazmsi 
causing the regtowth of herbage to be unpalatable is the rca pr 
and stnp-foldmg will have no beneficial effect in this respect 
as trampling is concerned this only becomes serious ■when the her g 
is long for utilization hy grazmg There is a natural ten ency 
catde to walk to and fro behind the fold ware, subsequently re s 
to eat the lme of trampled herbage This effect is particularly appiren 
in wet weather, so that it is easy after grazmg to see the positio 
occupied by the fold wire each day In w et weather , concentration o 
treading is undesirable and it is then better to encourage the cows ° 
spread out over the pasture , r 

Stnp-foldmg across a large field tends to be slow and in peno ° 
rapid growth recovery behind the cows on the grazed areas occurs 
^ before the first grazmg over the sward is completed The recovering 

pasture may attract the cows m as little as 10-14 days after grazmg an 
regtazing at this time is particularly detnmental to the plants To o 
the work thoroughly it is therefore desirable that a second or bac 
fence be erected behind the cows to stop grazmg of the recovering 
plants (Line and Burton 1957) Allowing access to gates and water 
adds to the complications and it is not surpnsing if back-fencing lS 
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neglected in practice, thereby defeating the object of the strip-folding 
method to some extent. 

Much less effort is entailed in carrying out a rotational system. 
Suitably sized paddocks can be set up at the beginning of the grazing 
season and the need for daily adjustment of the fences, irrespective of 
weather, is eliminated. The more expensive easily-moved type of 
electric fencing is not required. If paddocks are arranged as a senes 
of long strips, tractor work is not seriously impeded and, because the 
fence stays in one position, there is not so much chance of mislaid 
equipment becoming mixed up with machines. As rotational pad- 
dock grazing entails less effort it is more likely to attract support from 
those who do not feel that stnp-folding is worth while. V- 

Strip-folding ensures that the degree of hunger of the cow is kept 
fairly constant; at least as constant as the rationing. Cows need not 
be particularly under- or overfed and are therefore uniformly contented 
and tractable. To stock at the same rate but giving a fresh allocation 
of pasture, say once or twice a week, means that the cows will eat more 
than they require on the first few days, becoming progressively less 
satisfied with time. If utilization is at a high level then the cows will 
be really hungry on the last day or two on the paddock. This varia- 
tion in food supply will be reflected by variations of the daily milk 
yield. Fluctuations of up to half a gallon a cow per day may result 
(Balch and Line, 1957; Line, i960) but it seems that, providing the 
process is not carried too far, the yield per cow and therefore, using 
similar stocking rates, yields per acre, will be similar. More needs to 
he known about the effect of feed variations on lactation response before 
final conclusions arc reached but it does seem probable that the cow 
has rather more resilience than was first suspected and reports of her 
considerable ability for adjustment to varying conditions have already 
been made (Hodgson, 1933; Waite, Macdonald and Holmes, 1951; 
Hancock and McMcckan, 1954). The effects of short periods of 
under-nutrition after calving on the establishment of lactation have 
been studied (Flux and Patchcli, 1957). Five days’ underfeeding had 
little or no effect and the effect of ten days of such treatment did not 
have dramatic repercussions. When this aspect is thoroughly in- 
vestigated it should be possible to some extent to equate the likely 
loss of milk production per lactation with waste of uneaten herbage 
due to ttndcrgrazing and the reduced seasonal herbage production likely 
due to overgrazing. 

One method of feeding cows on pasture herbage remains to be 
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considered ‘ Green soiling’, the method whereby herbage is cut and 
earned to the cow kept m a yard, has been known for centuries as a 
means of obtaimng very high yields per acre This method has come 
to the fore in latter years under the name of ‘zero grazing’ (Kennedy, 
Reid and Anderson, 1959), a term which docs not seem particularly apt, 
and in any ease a further name for the method was not needed As 
the enthusiasts are keen to point out, there arc a number of advantages 
to be obtained from ‘green soiling’. Iris as well to remember there are 
also some disadvantages Fields that arc never grazed do not need to 
be fenced or folded, or to have water supplies, and they can be inac- 
cessible to cattle, by virtue of distance and obstructions such as mam 
roads The effect of the animal on the pasture is replaced by the 
machine 1 Grazing’ time is short, hooves are replaced by tyres, dung 
fouling is eliminated and harrowing of dung patches and toppmg-over 
are avoided Integration with conservation is good, for equipment 
can be matched to the entire herbage crop and, at first sight, feeding 
the cows simply entails the diversion of a few loads into the yards 
rather than the silo In fact this is a little too easy, for a crop suitable 
for conversion mto medium-quality hay or silage is not likely to be 
suitable for producing high milk yields without supplementation 
Difficulties have arisen because the material was not palatable enough 
to encourage sufficient intake Concentrates, fed to make good the 
deficit of nutrients, served to reduce the interest of the cows still 
further 

Until recently this method has not been much used on the grounds 
that the advantages do not offset the greatly increased labour and 
machinery costs For every day of the ‘grazing’ season, feeding each 
cow entails bringing about I 5 cwt of herbage mto the yard and the 
resultant dung, unne and any refuse herbage has to be taken out again 
Some sort of bedding or slatted floor is also needed Renewed interest 
has been shown recendy, probably because of advances in herbage 
harvesting machines and the growth m the use of the more efficient 
diesel tractor, but few have really got down to the equally important 
problem of manure disposal Suitable pumping gear does exist but 
this increases equipment costs soil further It seems unlikely that the 
small farm will be able to afford such large investment in equipment, 
although on the medium-sized unit addinonal use of silage-making 
equipment would be an advantage Whatever harvesting machines 
are used they must be reliable, for failure for a day or so will seriously 
disturb the routine of the cows Cut grass in heaps ferments rapidly 
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and so needs to be harvested as required. Conversion of aU crops to 
silage before feeding is one answer but of course losses of nutnent 
from silage-making are unavoidably introduced no matter how well th 

Applied correctly ‘ green soiling’ could be satisfactory but the ques 
tion arises as to whether or not the stage has yet been reached to jUttfy 
economically adequate mechanization of the job. In the process 
of converting pasture to milk a herd of cows do a fair amount of work 
for us without much fuss and with few breakdowns. 


SUPPLEMENTATION OF HERBAGE DIETS 

Concentrate foods before the last war were low in cost and in- 
expensive or not, it was traditional to place heavy re ance on 
use for milk production. Generally speaking, this was and sull l is the 
easiest way of feeding the cow and such a procedure avoi s "j’ on TJ 
about grassland productivity. The feeding-stuffs mere lant s ou 
the worries of compounding suitable rations and competiuon b 
tween rival firms ensures that a reasonable job is done. 

During die war, with concentrate feeding-stufTs in very short supply, 
it became essential to put more reliance on pasture and other torage 
crops. As a result there was a great dissemination of aval a c ' 
ledge on grassland management and the idea of treating pasture 
crop must certainly have made a great deal of valua e progres 
this time. The present-day increased cost of supplemental? feeding- 
stuffs relative to other prices has to some extent encourage con u 
economy in their use. However, the general impression is 
now many have returned to the traditional system, deman g *** 
process that milk prices should be geared to the cost o P u ^c se 
feeding-stuffs. At the other extreme there have emerge ie ° ra g 
farmers* who, during the grazing period appear to be as capable : « 
their New Zealand counterparts in producing milk wit it c c _ 
none of these commodities (Paterson, 1956)* On most a f ms . ^ re 1S 
some choice in the method of feeding although there arc m cxis ence 
a number of small dairy farms unable to produce sufficient home-grown 
foods to carry a herd adequate to provide a living. Should it become 
unprofitable to feed ‘concentrates’ to any extent these farms would 
have to resort to reorganization or more diversification. _ 

Mineral supplements may be needed, particularly for high-yielding 
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considered ' Green soiling’, the method whereby herbage is cut and 
carried to the cow kept m a yard, has been known (or centunes as a 
means of obtaining very high yields per acre _ This method has com 
to the fore in latter years under the name of zero grazing (Kennedy, 
Reid and Anderson, 1959). a term which does not seem particularly apt, 
and in any case a further name for the method was not needed As 
the enthusiasts are keen to point out, there are a number of advantages 
to be oh tamed from * green soiling’ Itis as well to remember there are 
also some disadvantages Fields that are never grazed do not need to 
be fenced or folded, or to have water supplies, and they can be inac- 
cessible to cattle, by virtue of distance and obstructions such as mam 
roads The effect of the ammal on the pasture is replaced by the 
machine 4 Grazing’ time is short, hooves are replaced by tyres, dung 
fouling is eliminated and harrowing of dung patches and topping-over 
are avoided Integration with conservation is good, for equipment 
can be matched to the enure herbage crop and at first sight, feeding 
the cows simply entails the diversion of a few loads into the yards 
rather than the silo In fact this is a little too easy, for a crop suitable 
for conversion into medium-quality hay or silage is not likely to be 
suitable for producing high milk yields without supplementation 
Difficulnes have arisen became the material was not palatable enough 
to encourage sufficient mtake Concentrates, fed to make good the 
deficit of nutrients, served to reduce the interest of the cows still 


further 

Until recently this method has not been much used on the grounds 
that the advantages do not offset the greatly increased labour and 
machinery costs For every day of the * grazing’ season, feeding each 
cow entails bringing about i 5 cwt of herbage into the yard and the 
resultant dung urine and any refuse herbage has to be taken out again. 
Some sort of bedding or slatted floor is also needed Renewed interest 
has been shown recendy, probably became of advances in herbage 
harvesting machines and the growth m the me of the more efficient 
diesel tractor, but few have really got down to the equally important 
problem of manure disposal Suitable pumpmg gear does exist but 
this met eases equipment costs still further It seems unlikely that the 
small farm will be able to afford such large mvestment in equipment, 
although on the medium-sized unit additional me of silage-making 
equipment would be an advantage Whatever harvesting machines 
are used they mmt be reliable for failure for a day or so will seriously 
disturb the routine of the cows Cut grass in heaps ferments rapidly 
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and so needs to be harvested as required. Conversion of all cropsto 
silage before feeding is one answer but of course losses of nutrients 
from silage-making are unavoidably introduced no matter how well the 

$il AppUedct'reetly ‘green soiling 1 could be satisfactory ^tAeques- 
tion arises as to whether or not the stage has yet been reached to . justify 
economically adequate mechanization of the job. In the process 
of converting pasture to milk a herd of cows do a fair amount of work 
for us without much fuss and with few breakdowns. 


SUPPLEMENTATION OF HERBAGE DIETS 

Concentrate foods before the last war were low in cost and. in- 
expensive or not, it was traditional to place heavy reliance on their 
use for milk production. Generally speaking, this was and still is the 
easiest way of feeding the cow and such a procedure avoi s worrying 
about grassland productivity. The feeding-stuffs merchant shoulders 
the worries of compounding suitable rations and compenuon be- 
tween rival firms ensures that a reasonable job is done. 

During the war, with concentrate feeding-stuffs in very short supp y, 
it became essential to put more reliance on pasture an ° ^r orag 
crops. As a result there was a great dissemination of available know- 
ledge on grassland management and the idea of treating pasture as 
crop must certainly have made a great deal of valua e progress a 
this time. The present-day increased cost of supplementary ee g- 
stuffs relative to other prices has to some extent encouraged continued 
economy in their use. However, the general impression is that by 
now many have returned to the traditional system, deman g * n ® 
process that milk prices should be geared to the cost o pu^c ase 
feeding-stuffs. At the other extreme there have emerged the lorage 
farmers’ who, during the grazing period appear to be as capable as 
their New Zealand counterparts in producing milk with little or even 
none of these commodities (Paterson, 1956). On most farms there is 
some choice in the method of feeding although there arc in existence 
a number of small dairy farms unable to produce sufficient home-grown 
foods to carry a herd adequate to provide a living. Should it become 
unprofitable to feed ‘concentrates’ to any extent these farms would 
have to resort to reorganization or more diversification. 

Mineral supplements may be needed, particularly for high-yielding 
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cows, but their use m any but moderate qmntmes should be limited o 
occasions when there is known to be a definite dcfiaency Sunply 
because a cow exhibits an apparenthking for mmerals * * 

doubtful argument for their use The assumption il s that the cow 
mstmeuvely knows what is good for it, which is diificidt to prove 
although it may be justified occasionally Generally, when mineral 
mixtures ate offered, surprisingly large quantities are consumed 
initially but this intake soon declines to quite small proportions, indi- 
cating a certain novelty value perhaps, unless it is accepted that the 
cows not eating the supplement are those who do not need it a 
cereal mixture is fed at pasture it appears to be a far better proposition 
to include the minerals with this, thereby ensuring that all individuals 
get a share and the higher yielders, normally being fed more concen- 
trates, will receive extra minerals to compensate for heavier losses m 


the milk. 

It is as well to appreciate that many general-purpose mineral mixtures 
contain quite large proportions of common salt, calcium and phosphate 
and these will not of course offer much protection where requirements 
for some other mineral are large In conclusion it can be definitely 
stated that milking cows have been fed on moderately fertilized pasture 
alone throughout the grazing season without any apparent ill effects 
Under pasture conditions the mineral most likely to he required, 
mainly in the first month of the season, is magnesium, to ward off the 
possible onset of hypomagncsaemia 

All major dietary changes tend to upset the performance of livestock 
and as a general principle such changes, when unavoidable, should 
therefore be brought about as gradually as possible, giving some time 
for adjustment to the new conditions Changing cows from perhaps 
a hay, silage and concentrate diet to spring pasture, possibly with little 
or no ‘concentrates’, is a fairly severe alteration in feedmg regime and 
it is advisable to take a week or so to complete such a change in order 
to spread the stress so caused Feeding supplements at young pasture 
might he beneficial m that the change-over to a pasture diet is not so 
drastic and the total amount of the herbage intake is reduced. Rapid 
changes to very lush pasture in spring are considered to be responsible 
for a decline m milk-fat percentage (Provan, 1952), but this does not 
mean that fats are necessarily always low as a result of this treatment. 
Neither is it certain that a lack of fibre is entirely the cause of this 
phenomenon. The solids-not-fat fraction very often rises when pasture 
feedmg is introduced, suggesting that the amount of energy obtained 
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from the herbage is greater than that obtained from the winter rations 
even when these are reasonably adequate as judged by feeding standards. 
In addition to this rise in solids-not-fat it is normal to o tain a su 
stantial boost in milk yields on commencing grazing. or examp , 
38 cows introduced rapidly to an all-pasture diet m early spring 
increased in yield on average by about a third of a gaUon a head per 
day, the higher yielders showing the greater response Balch and Line, 
1957). The change to pasture on a large commercial farm indicated 

a similar response (Paterson, 1956). . 

Scouring is often considered a disadvantage of feeding spring 
pasture, although it is liable to continue for quite a long peno provi 
big a supply of young herbage of low fibre content « 

There does not seem to be any real evidence that much harm does 
result. Possibly there is confusion with infective scouring and scouring 
resulting from digestive disturbances, which occur from time to time 
on most feeds. The production responses obtained at the time o 
turning out to spring pasture certainly suggest that any adverse eHects 
that do occur are more than outweighed by the advantages game . 
Live weights do fall very rapidly at this time of the year, but this has 
been shown to be almost entirely due to a change in the weight ot gut 
contents (Balch and Line, 1957) and accoimts for the subsequent rapid 
rise in hve weight immediately afterwards as the pasture becomes more 
fibrous and gut contents increase again. Once the change to pasture 
is completed, even when no other food is fed, it is quite norma 
for the Hve weight of milking cows to increase, at least tmni mid- 
season. In addition the condition of the coat of the cow is never 
better than at this time of the year, suggesting goo ea t an 

8 Fibrous foods are sometimes fed with young herbage, with the 
object of ensuring that butter-fat percentage is maintained and also 
with the intention of slowing down the rate of passage of the herbage 
through the tract and reducing scouring. Wlnlc it has been shown 
that on fibrc-dcfidcnt non-pasture diets a circumstance _ can arise 
where milk-fat content docs definitely decline, the condition is not 
attributed simply to lack of fibre as measured chemically. The physical 
state of the fibre was considered important and the influence of the 
particular foods used on these experiments was not ruled out (Balch, 
Balch, Bartlett and Rowlands, 1953)- Theoretically if food passes 
rapidly through the tract there is insufficient time for extraction ol as 
large a proportion of the nutrients as might otherwise be possible. 
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Should the feeding of supplementary fibre be thought worth wh*hr» 

pronomicaHv than by the other means, such as high-fibre cubes 
Providing the effect of feeding low-quality roughages is not to reduce 
the capaaty of the cow below reasonably full productive requirements 
Su result and a certain amount of pasture mayte^d 
early in the season when it is scarce and therefore P«icabrly 
valuable In Scotland, cows were allowed access to dean oat straw 
(Campling, Maclusky and Holmes, .958) The most that was 1 eaten, 
on average for the season, was 0 d lb per cow per day where a heavily 
fertilized sward was fed Intakes which vaned considerably, were 
much less on a clover sward, and little straw was consumed at an 
in luly and August It seems unlikely that such small amounts, per- 
haps a pound per head a day in spring could have much worth-while 

As the season advances the pasture will tend to become less palatable 
and the intake of herbage dry matter will fall particularly if attempts 
are made to keep the degree of utilization fairly high, a desirable feature 
if high yields per acre arc aimed at At the same time the fibre content 
of the herbage will tend to nse and digestibility will be declining 
particularly at the time of flowering It is obvious therefore that an 
improvement on the results obtained m the early part of the season 
cannot be expected In addition to a possible acceleration in lactation 
decline, a reduction m the sohds-not-fat fraction sometimes occurs in 
mid-season again indicating fadure to supply adequate nutrition 
(Riddet, Campbell McDowell and Cox, 1941, Rowlands, 1946) “ 

pasture potential is at first above that of the cow then this is a distinct 
advantage, in that there is a better chance that it will still be adequate 
later in the season The time at which the majority of cows calve is 
important in this connection The pnee structure for milk is adjusted 
to encourage adequate supplies during the non-grazing period and 
this entails an autumn and winter calving policy, rather than * calving 
with the grass’ as in New Zealand (Ward, 1942) As a result quite a 
large proportion of die herd will be a quarter to half way through their 
lactation as pasture becomes avadable Thus, by the time the pasture 
starts to fall off m quality in June the cows will also be well advanced in 
lactation and a natural dechne is to be expected irrespective of food 
quality Quite correctly, any downward trend in the milk production 
of the herd is viewed with concern and the natural reaction is to attempt 
to improve the level of feeding Before doing this it is well to consider 
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carefully just how such a policy will 

terms of milk-yield response compared with the cost of the concentrates 

sssr!SrW£»55as; 

of milk per day on an intake of 30 lb. of herbage dry matter has long 

been recognized (Woodman, I95 2 )* Y.elds above 5 gallons can be ob 

tainedand this is to be expected. For exarnple, addt Friesian cows «n 
average 11-75 cwt. Uve weight allowing a theoretical intake of 35 « lb- 
dry matter, which provides z 3 ‘5 lb- of starch equivalent, assunimg an 
S.E. of two-thirds. While a lower intake may cccm: in earlysprmg 
when pasture is sparse, the digestibility of the herbage will be very-high 
perhaps 80 per cent, at this time. Such an intake shotdd ptowde for a 
milk yield of 6 gallons per day, and in an autumn and winter ^cj l g 
herd there will not normally be any animals who cannot obtnn 
their needs from good pasture in spring and early summer. Th 
simple calculation, also supported by research at the Hannah Dairy 
Research Institute (Holmes, 1951). demonstrates that with ad '1 . 
feeding of good pasture it is possible for the herd on average to be con- 
sumini perhaps nearly double its production requirements Tin 
assumes ihat appetite will not be adjusted to milk yield, whici 1 is not 
actually correct but clearly the opportunist for luxury consumption 
exists. There is certainly a substantial safety factor, P««cularly for 
the lowed-yielding cows and it is therefore surprising to find in pracnce 
that, although many produce intensive grazing pastures, these are y 
valued as extensive grazing or even less (Woo man, 19 5 2 )- 
Most experimental work has shown only small warn* m 
yield which could be attributed to the supplements fed at pasture 
(Cooper, 1955) confirming the deductions just made. Mainly palat- 
able foods such as sugar-beet pulp have had to ' Tfcedinn 

the cows to cat them. Generally it is thought that the effect of feeding 
these foods is to decrease the intake of herbage but to increase sligl y 
the total intake of nutrients. Probably as a result of tins, mdkyields 
liave also been increased slightly but m the majority of peases this in 
crease was very far from being economically worth while. Ill one 
experiment (Corbett and Boyne, 1958 ) 59 lb. of dry beet pulp was 
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needed to produce an extra gallon of milk in spring and 34 lb was 
required in the autumn Naturally the quality of the pasture supple- 
mented would have a marked effect on the results obtained, but 
generally speaking on experimental work die pasture would be expected 
to be reasonably good and so would tend to minimize response to the 
supplements If large responses are obtained in practice the conclusion 
should be that something needs to be done about the pasture manage- 
ment rather than that pasture m general is incapable of supplying 
adequate nutrients 

There has been much mterest technically m supplementation of 
pasture m attempts to balance and so make use of the excess nitrogen 
normally present Proteins are relatively expensive to obtain in the 
form of supplementary food and it is logical to attempt to make the 
most of the generous supplies in herbage Protein feeding-stuffs were 
m short supply during the war and we have therefore become very 
protein-conscious "Winter rations containing medium quality hay, 
straw and roots are likely to be short of protein, agam focusing mterest 
on this fraction So far it does not seem to be an economic proposition 
to balance excess pasture protein the energy rich foods being relatively 
too costly It is now considered that one of the factors limiting protein 
utilization in a cow’s ration is a lack of sufficient energy to keep the 
microbial flora of the rumen active (Rook, 1959) This flora can onl) 
convert the food protein into a form suitable for digestion if it has 
sufficient readily available energy to do so It seems that in many 
ways we might do better to be more concerned with the energy value 
of our grazing pastures merely avoiding where possible tendencies to 
increase unduly the nitrogen content of the herbage by practices 
such as the late top-dressing of grassland wuh large quantities of nitro- 
genous fertilizers, which might even prove harmful to the cow (Hood, 

1956) 

Considerable emphasis has been given to the question of pasture 
supplementation It is quite apparent that m practice it is normal to 
feed large amounts of concentrate foods with even the best pasture 
An MMB survey of about 1,000 herds for 3 years during the month 
of May, when pasture is at ns best showed that at this time only 
between 5 and 10 per cent of herds were receiving grass alone (Anon , 
1958-9) The remainder v. ere fed an average of 1 5 lb of concentrate 
foods for every gallon of milk produced and some roughages w ere fed 
in addition* The breakdown of these results into type of concentrate 
fed indicates that about 40 per cent fed a balanced cake alone and to 
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this could be added about another io per cent who fed a mixture of 
balanced cake and some other concentrate. Considering the time of the 
season in which this survey was made it is certainly time that feeding 
methods are reconsidered. While technically small improvements in 
yield can be made, the true criterion in practical farming is whether 
supplements arc economic. Nutrients from grazing arc relatively so 
cheap compared with other foods that fairly large improvements arc 
required to make supplementation worth while. 


CONSERVATION OF HERBAGE 

While no attempt will be made to deal with the subject of herbage 
conservation in detail, it is worth while to consider the integration of 
grazing and the making of hay and silage, since these two aspects of 
grassland management should be made interdependent. Pasture pro- 
duction follows a pattern which is largely dependent on the growth 
cycle of the plant (Anon., 1958). Stage of plant development is in 
turn linked to day length but the actual bulk of the crop is controlled, 
very considerably on some occasions, by climatic conditions. The 
nutrient demands of the milking herd do not vary much from month 
to month, the normal aim in this country being to produce a continuous 
flow of milk throughout the season. Changes in herd size are after all 
generally brought about quite gradually, due to the cost of the stock. 
Ideally then, in the short term it is desirable to attempt to obtain a more 
uniform supply of feed rather than entertain the ideal of adjusting the 
numbers of milking cows to the amount of pasture available. A lot of 
effort has been and still is being put into achieving the ideal of produc- 
ing a nutritious sward in adequate quantities for grazing all the year 
round (Staplcdon, 1947). Although valuable advances have been 
made it seems unlikely that this end will be completely achieved in our 
climate for a long time to come, particularly so far as a ration of 
adequate quality for milk production is concerned. 

To even out the supply of nutrients the surplus above the herd’s 
needs must be cut for conservation. Conservation should be planned 
with just as much thought for ensuring future supplies of grazing as 
for the making of the product itself. All too often the object seems to 
be the storage of as much bulk as possible with only moderate concern 
for the feeding value of the end product. Such procedure ensures 
that after one heavy summer crop recovery growth will be slow, per- 
haps negligible, until autumn. No doubt this reduces management 
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worries on outlying fields but it is most unsuitable if regular suppbes 
of grazing herbage arc hoped for It is a much more flexible arrange- 
ment if a lighter first cut is causers cd and the second cut can be kept 
for grazing if need arises 

Weather conditions have tremendous repercussions on conservation 
programmes If our weather could be relied upon to give an adequate 
and foreseeable period of haymaking weather it is doubtful if so much 
time and effort would be spent on making silage, involving as it docs 
the transporting of such \ast amounts of water about the farm Again 
it is unfortunate that silage- making takes place before haymaking, 
since, as a safeguard against bad w eathcr, there is a tendency to conserve 
a substantial part of the crop by the more laborious process Although 
it is folly to attempt to make good silage m pouring nun the fact re- 
mains that a satisfactory result can be obtained in the short dry spells 
which do occur in spring when large scale haymaking is nor bkely to 
be very practicable 

It is often possible to commence haymaking early, thereby consider- 
ably lengthening the total umc m which the work can be earned out 
The earlier the cut the better the digestibility and the quicker the crop 
can be dned out because of its reduced bulk If the final product is too 
bulky for its nutnent content it will not have a great deal of value for 
milk production in any case Early rather than late conservation in 
spring will also allow rapid recovery of the pasture and the regrowth 
will be more suitable for summer grazing purposes A light cut will 
have rather less adverse effect on grass growth than a light grazing 
(Edmond 1958) 

Fortunately, well-conserved good-quality pasture, with a strong 
emphasis on the quality of the herbage crop as cut for conservation, 
as well as on efficient conservation itself, forms a good although more 
costly substitute for grazed pasture Some nutnent loss is certain to 
occur during conservation and so the end product is unlikely to show an 
improvement m feeding quality over that of the onginal herbage 
Well-conserved herbage can still satisfy a considerable proportion of 
the nutnUonal requirements of the milking cow Reference to the 
starch equivalent figures mentioned (Clark and Bessell, 1954, 
Hamilton 1957) show that the cost of grassland nutnents is considerably 
increased as a result of conservation and emphasizes the desirability of 
maximizing utilization by direct grazing All the same even the 
highest-quality silage and hay are still much more economical than the 
equivalent quantities of concentrate foods 
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THE BALANCE BETWEEN SWARD AND COW 

Once the general principles of establishing a ley are appreciated, and 
providing the weather is reasonably kind during the initial phases, it 
is not unduly difficult to create a good pasture under quite a wide 
range of conditions. 

Making the best use of the resultant herbage is perhaps not so straight- 
forward, possibly because it is a more lqng-term process. In some cases 
preconceived ideas concerning the feeding value of pasture and the 
degree to which it can be grazed without detriment to animal produc- 
tion arc difficult to overcome. A journey through most of our farm- 
ing districts generally provides ample evidence that a good deal of the 
herbage produced is not efficiently utilized and in some cases a con- 
siderable amount of the fodder is obviously wasted. This observation 
by no means applies only to the poorer grassland for often it is equally 
evident where a good deal of care has been taken to produce a first- 
class ley and the crop has been bulked up by the liberal use of fertilizers. 
The Milk Marketing Board survey mentioned in the section on supple- 
mentation (Anon., 1958-9) makes evident the fact that many farmers 
rely on concentrate foods for milk production when they have already 
Jftadc good provision for this requirement in the form of pasture 
investment. 

The problem is largely one of striking the right balance between the 
sward and the cow. These two factors, intimately linked as they arc, 
should be as complementary as possible but there are occasions when a 
certain amount of sacrifice of one or the other must be made. There 
is a natural tendency to attempt to maximize the monthly milk cheque 
without sufficient regard to the economics of doing this in terms of in- 
creased output of milk against the expense of additional supplementary 
foods and the rather more obscure costs of depressing the pasture 
productivity of die farm. Economists suggest that, for maximum 
profitability, the farm should be stocked as heavily as possible radicr 
than to the lowest likely level of forage output. Taking into considera- 
tion die aside a'ariations in herbage fields which arc liable to occur 
saving to climate and management, this means that, on occasion, 
supplies of herbage arc bound to fall short of requirements. The 
manager is then faced with the problems of underfeeding, over- 
grazing and the expense of supplementary foods. The success he 
achieve* in avoiding such circumstances in the first place and the skill 
with which he compromises these situations ashen the)' do arise, largely 
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determines his effiaency in grassland management Unfortunately 
m the case of perennial crops mismanagement at one period ot the 
year may not only reduce yields at the time but generally has a marked 
influence on future production during the rest of the season and can 
even effect growth m future seasons Prolonged mismanagement can 
seriously reduce the useful length of life of a ley, thereby increasing 
the overhead cost of establishment More often the ley is leit to 
produce at a lower potential for several years and concentrate foods 
used to make up the defiat 

The importance of the palatabikty of the sward has been repeatedly 
mentioned and this aspect cannot be overemphasized, particularly so 
far as the high-yielding cow is concerned Although we can control 
within quite prease limits where the cow grazes we cannot effectively 
control what proportion she will consume of the herbage offered 
Immediately we commence putting on too much pressure in the form 
of hunger, m an attempt to clean up the rougher herbage, the cow will 
begin to reduce her intake and in the case of the high producer, milk 
yields will suffer increasingly (Line, i960) Thus we can only control 
the cow to a certain degree, the final choice of what is to be eaten 
actually resting with the animal 

The reaction of the cow on seemg the stockman is a useful indication 
of the situation When well fed she will pay httle or no attention to 
his approach, whereas at the other extreme she will become agitated 
and follow him about the field making a good deal of noise in the 
process Generally a few cows are prone to making a fuss’ before the 
rest and these act as a useful guide for future pasture allocation There 
is m fact a fair amount of time in which to make rationing adjustments 
before milk yields are seriously disturbed Observation of cow 
reaction under these conditions is as useful as any other estimate of 
requirements that can be made Even where an elaborate herbage- 
sampling scheme is employed m pasture experimentation, quite apart 
from the considerable time and effort involved there is httle indication 
of the actual percentage of the herbage which the stock can be expected 
to cat, particularly after the first grazing of the season when the con- 
centration of dung-influenced patches has increased This can only be 
ascertained with reasonable accuracy by grazing a test area, much as is 
done in practice when commencing to strip-fold a field 
Careful observation of the sward is also helpful for every effort 
should be made at each grazing to remove all the leaf ‘flag’ of the plants 
on the areas not affected by dung from the previous grazings If 
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attempts are made to force the stock to eat the patches influenced by- 
dung from previous grazings undesirable, very close grazing of the un- 
fouled areas is unavoidable, the tougher bases of such plants apparently 
being preferred even to the leaf of dung-affected plants. The best 
that can be done is to ‘ top-over’ with a mower occasionally to remove 
unpalatable growth. If this is done before the cows have been removed 
a good deal of the mowings will be eaten, especially if there is little 
ungrazed herbage to attract their attention. Some animals appear to 
find such toppings particularly palatable especially when they have 
dried out a little. Lack of payability due to the effect of dung dropped 
during previous grazings presents a serious problem when high-yield- 
ing pastures are repeatedly grazed as much as five or six times or more 
a season. During the later grazings quite a large proportion of the 
herbage is refused, rank growth being similar in appearance to that 
produced by heavy nitrogenous dressings. Occasionally the fouling 
will even survive from one season to the next. Under such circum- 
stances, while the plant nutrients in the dung produce a strong herbage 
growth, the material so produced in these areas is not utilized to much 
extent for some time. It is worth mentioning that increased growth 
due to urine patches presents little problem, the cows often showing a 
marked preference for the herbage growing on these areas, providing 
the growth has not been allowed to get too coarse (Ncvans, 1941). To 
reduce the concentration of dung-influenccd patches it is much better 
to contrive to cut some of the crops of herbage and spread out the 
grazing over as large an area of the farm as possible. Dung-affected 
patches of herbage from previous grazings will then be removed in 
the cut crop, thereby eliminating the job of topping-over. After 
conservation, so far as is known, such herbage is not particularly 
unpalatable and in any case the concentrate foods normally fed in 
association with conserved pasture crops will help to buffer any adverse 
effects. A careful study of the local effects of dung and urine from 
cattle on the yield and botanical composition of a permanent pasture 
has recently been published (Norman and Green, 195$), Increasing 
the grazing area is also likely to reduce the concentration of internal 
parasites on the herbage, although this aspect is not generally regarded 
Very seriously so far as adult cattle are concerned. The only practical 
method of herbage feeding which avoids ‘dung fouling* of the pasture 
completely and largely prevents any selection of the sward it ‘green 
soiling’ or ‘zero grazing*. Disposal of the manure accumulating in 
the yards %\here the herbage is fed still poses a considerable problem. 


355 



Animal Health, Production and Pasture 

A good deal has been said in the past about plant selection, the animal 
picking out the more palatable species to their detriment so far as 
future competition with other plants in the sward is concerned This 
situation is likely to occur on permanent pastures where there is a 
fairly large range of species, grazing is more or less continuous and 
the sward is left for a sufficient number of years for * evolutionary 
changes to occur Such a process on present-day leys is not evident 
to much extent for there are too few species present in the simple 
mixtures used and the difference in requirements between the bred 
strains of grasses is not nearly as marked as it is between the components 
of a permanent pasture Leys are much less stable than old pasture 
and it is general management which has the main influence on sward 
composition in the short term For example, if a Cockle Park mix- 
ture is closely grazed or cut frequently the perennial ryegrass and white 
clover will become predominant. A single high dressing of mtrogen 
followed by a heavy silage or hay cut will senously depress the clover 
and encourage the cocksfoot Animal selection from species to species 
particularly with intermittent as opposed to continuous grazing, does 
not appear to play a dominant role The sward should be treated as a 
single entity to be utilized at intervals as completely as possible and if 
there is any tendency for the cows to leave a particular species ungrazed 
this effect can be eliminated by cutting treatments 
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CHAPTER ELEVEN 


Beef Cattle and Sheep 

M. MCG . COOPER 


Characteristics of fattening pastures — Fertilizer treatment — Characteristics of sheep 
and beef cattle production — Adaptation of management practices — Sheep-cattle ratios — 
Wintering of stock — Sward composition — Diseases and parasites as limiting factors. 


Though the herding of sheep and beef cattle on pasture is one of man’s 
oldest occupations, there is comparatively little precise information on 
the best methods of obtaining maximum profitability or productivity. 
We do not know, for instance, the most desirable species combinations 
in relation to soil and other natural conditions, the most efficient systems 
of grazing nor the correct ratio of sheep to cattle where mixed grazing 
is practised. Our knowledge is largely empirical and has been built 
«p from centuries of experience to constitute a recognized grazier’s 
craft. 


CHARACTERISTICS OF FATTENING PASTURES 

Certain fields have local and even national reputations for their 
fattening qualities, for instance. Suave Corner on Romney Marsh 
and Millfidd in the Welland Valley, but no one has yet distinguished 
the attributes which place such pastures in a category’ above adjacent 
grazings which arc rated as having no more than a store function. 
Generally these fattening fields have fertile, well-drained soils which 
'\ill sustain growth over a long season. The most important spedes 
are perennial ryegrass (Lofrtim perame) and white clover (Trifolium 
re pens), hut usually there arc appreciable proportions of such species as 
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the Poas, timothy {Phleum pretense) crested dogstatl {Cynosurus enstatus ) 
and browntop (Agrosta tenuis) Wei) often herbs such as yarrow 
[Achillea millefolium) and narrow -leaved planum {Plantaqo lanceolate) arc 
present and this has led to a considerable amount of conjecture as to 
the value of such herbs in grassland The comparative thnftmcss of 
livestock on old grassland, m contrast with the fairly common occur- 
rence of metabolic disturbance on leys consisting of simple mixtures, 
has created a school of thought which belies es that the inclusion of 
herbs in grass mixtures is advantageous There is no scientific evidence 
to show that higher live-weight gams or healthier or better finished 
stock can be obtained from pastures conuming sown herbs Thomas 
and his co-w orkers (sec Thomas, Thompson, Oy enuga and Armstrong, 
19 52) have shown that many of these herb speaes, noubly ) arrow , 
plantain, bumet and chicory, have a very high mineral content, but 
recently Scoud (1959) has been unable to csublish that these speaes 
have any beneficial effects on ew cs and lambs In fact the pasture which 
included sown herbs had a lower live-weight output per acre than a 
similar mixture without herbs or an old permanent pasture with which 
it was compared It is interesting to note that in this tnal there was a 
considerable budd-up of Nematodirus mfesution over a period of three 
years The permanent pastures produced lambs with the lowest 
worm burdens and had the fewest mortalities from this cause, even 
though rates of stocking were identical 
Undoubtedly the quality and the reputation of English fattening 
pastures is m a large measure due to the systems of stocking which 
have been adopted Great attention is paid to the equation of pasture 
growth and stock appetite, so that there is no serious overgrazing or, 
even more important if a good balance of speaes is to be mam tamed, 
undergrazmg, which is one of the besetting sins of pasture management 
Usually the good management of fattening pastures is at the expense of 
adjacent store pastures, which are used as reservoirs for stock and suffer 
m consequence It is possible for the exacting demands of fattening 
fields to have a detrimental effect on the productivity of farms as a 
whole 

Usually fairly mature stock graze these fattening pastures for it is 
said that the swards are too strong’ for young stock such as lambs or 
yearling bullocks This, of course, is advantageous from the view- 
point of maintaining fertility on what are naturally fertile soils, for the 
withdrawal of major plant nutrients such as calcium and phosphorus, 
is trifling compared with that where milking stock are earned The 
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nitrogen status of soils is abundantly preserved by the maintenance of 
a strong white clover element in the sward, combined with a full 
measure of utilization by the grazing animal, whose excrements arc so 
important in maintaining soil fertility (Wolton, 1955). 

FERTILIZER TREATMENT 

Fertilizers for such fattening pastures are usually limited to occasional 
dressings of phosphate and lime. Nitrogenous fertilizers are seldom 
applied. Apart from any prejudice against their use on the grounds of 
causing unthrifty stock or a lack of clover in the sward, there is the yet 
unresolved question of their economic worth. Both sheep and beef 
cattle have a low efficiency of food utilization as compared with dairy 
cows (Hammond, 1950) and the additional live-weight increase secured 
from liberal nitrogenous fertilizing may be insufficient to justify the 
expenditure involved. This certainly was Comforth’s (1 955) experi- 
ence in a trial at Wye College where he compared nitrogen at the rate 
of no lb. N per acre with a control where no nitrogen was applied. 
The original pasture had a good balance of white clover which was 
preserved throughout the trial on the control plots. The experimental 
area was grazed by hoggets and rotational and non-rotational grazing 
were included as additional treatments. The aim throughout the two 
years of the trial was to secure full utilization of herbage by adjustments 
in stocking rates. There was no measurable advantage from apply- 
ing nitrogen under a non-rotational system, either in respect of total 
live-weight increase or increase per sheep. The advantage in applying 
nitrogen under a rotational grazing amounted to 60 lb. of live-weight 
increase per acre which was n per cent more than the output from the 
no-nitrogen treatment. Individual sheep gains were not as good on 
the nitrogen treatment nor was the finish of sheep at the end of the 
trial. Apart from the longer grazing season on the nitrogen-dressed 
pastures there appeared to be no advantage in using this fertilizer for 
fattening this class of sheep. 


CHARACTERISTICS OF SHEEP AND BEEF CATTLE 
PRODUCTION 

The low efficiency of both beef cattle and sheep in respect of food 
use necessitates a reliance on cheap feeding stuffs and these animals arc 
consequently better fitted to a ranching system than to an intensive 
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system of farming Though mtcns.vc pasture management v..th a 
liberal use of fertilizers and special-purpose le>s is commonplace Wtth 
dairying both in Britain and abroad, it is seldom encountered m either 
sheen or beef production, because with the more usually adopted 
crazing techniques and present price relationships the value ol pro- 
duction is not usually sufficient to justify the cost of intensification It 
is true that there is intensive sheep and beef production but this main y 
occurs on land which is naturally highly productive, such as > cry good 
permanent pasture or long-duration leys Both beef and sheep pro- 
duction is characteristic, therefore, of extensive farming where units 
are large and land is comparatively cheap Such conditions arc ‘° un 
in new countries such as the Argentine, Australia and New Zealand, 
where the pressure of human population and also the burden of supple- 
mentation during periods of pasture shortage arc not great (excepting, 
of course, the drought hazards of Australia, which can be catastrophic) 
Parts of Britain provide an excepuon to the general rule that countries 
with limited land cannot afford the relative inefficiency of beef cattle 
and sheep on good land Here one is usually concerned with large 
farms with low rental values, where the occupiers can afford the 
luxury of low farming and concentrate on the production of fat rather 
than store stock For the mam part m countries with limited land 
resources, both beef and sheep must be by-products of other more 
profitable lines of farming, c g utilization of crop residues and of the 
restorative ley in what is primarily a cash-crop system of land use 
This general rule docs not apply to land of lower quality m Britain 
and other densely populated countries especially where there are up- 
land grazings, where sheep either for wool or for stock production, 
arc of paramount importance in utilizing land which is beyond the 
margin of mtensive use The deficiencies of the sheep as a utilizer of 
food are offset by its capacity to survive and thrive on indifferent 
herbage As a species it has an advantage of a fairly short gestation 
period and Wallace (1948) has shown that it is only over the last third 
of pregnancy that there are likely to be critical demands of the foetus 
for nutriment Agam, lambing takes place just prior to active pasture 
growth so that the maximum demands of the growing lamb and the 
lactatmg ewe comade with the peak of pasture production As 
pasture growth fails the lambs are weaned and surplus stock are re- 
moved from the bill 

W ithin the species there are breeds which show a high measure of 
adaptation to such conditions The Menno as a breed is of very great 
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value under conditions of sparse grazings, especially where thc otaH 
I low. It is not found under the high-rainfall condittons of British 
liill-country farming, for these uplands have their own breeds, notably 
the Scotch B lackfac e the Welsh Mountain, the Swaledale and the 

Cheviot. The last-named is a breed of the green hiU« 0 ppo^wAe 

black or headier hill, which is the normal habitat of the Blackface and 

“ution goes further than species and breeds. It trends to 
actual flocks and there is a recognized ‘hefting value on ccrtam graz 
ings when they are taken over as a going concern. Here the Ration 
possibly covers acquired immunity from ocal infection as weU as a 
knowledge (if that is the word) of the local grazings on the par of the 
sheep. There is a considerable lore among hjU-country shepherd on 
such questions as the relationship of sheep to their grazmg , fin ms ance 
Welsh shepherds believe that the direction in which nff-wm ered stock 
move back to the hill in the early summer influences their rang g 

habits in the subsequent season (Owen, 195 S)- . 

Cattle have, or should have, an important function in the main en 
ance of quality in upland grazings which are primarily devoted to sheep 
Several farmers, notably McGuiness (1947), Bennett- -Evans (r I 9 49 < 
Stewart (quoted by Davis and Cooper, 1953) rave c 
demonstrate that cattle, used primarily as ammate mowing 
are effective in restoring a predominance of more nutritious bottom 
grasses which are so important to sheep. McGuiness records that 
though he reduced the size of his sheep flock when he increased the 
companion beef herd, nevertheless he increased the output of wool and 

improved the lambing percentage and the qua ity o sore ■ ... 

Ben Challum in Scotland, Stewart was able to mcrease very manually 

the sheep-carrying capacity, the lambing percentage an q 

the lambs, largely through the agency of a single suckling herd of 

“Si ™ 

tools in hill-country farming. Apart from the fact s P P 
wool as an additional product for sale, cattle are not so well adapted to 
sparse grazings, and they will starve where a sheep can survive. 
Unless farms have cultivable ‘inbyc’ land, wintering becomes a prob- 
lem because of the necessity for expensive supplementary feeding, it 
countries like New Zealand, which have relatively short winters, it is 
possible to winter oil a quality of grazing which approximates to 
'standing hay’, but in Britain, where the growing season on most 
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demands of the ewes, tbs is not praoicabk If cattle ate out-wtnteed 
there must be a supplement of hay, a crop not cas.1) conserved onhill 
farms, wbch ate generally m bgh-ramfaU areas S.lage appon i » * 
the logical vrntter supplement, but it is not a sufficiently mobde source 
of nutriment to be used other than on the inb> c land w here itts produced 
There are inconsequence strong arguments for the summer apstmm 

of lowland catde on the hills and for their return to the lowlands in the 
winter They may not have the ‘ rustling 1 quahnes of the gmuinc 
bU breeds and crosses, e g the Galloway, West Highland and Cross- 
Highland, but nevertheless they will do a useful and essential job it they 
are properly herded . f 

Subsidies of various kinds apart, one cannot expect a great deal oi 
direct profit from cattle kept on the hills Their function, « « 
reiterated, is the secondary one of removing tussocky or unpalatable 
grasses such as Mohitta in order to improve the shccp-carrying capacity 
of upland grazings 

On the larger grassland farm between the hills and the intensive!) 
cultivated land both sheep and beef catde play an important part in 
the utilization of grassland Here their low food-cons ersion efficiency 
is offset by the high measure ofiabour efficiency that can be obtained 
In no sense can the grassland management be termed intensive 
Generally the grazing areas are large and fertilizers are used sparingly 
The primary aim is to get a sward with a reasonably proportioned 
clover element, for such farming does not warrant the use of nitro- 
genous fertilizers except to provide a limited amount of early grass for 
lambmg esses or for stimulating the hay crop It is good farming 
practice to apply both phosphate and hme svherc these are required 
Either permanent grass or long-duration leys are employed, and though 
such species as ryegrass timothy and cocksfoot may be sown originally, 
along with white clover, there is a tendency for regression to the Poa 
and Agrostu species and Yorkshire fog 

Normally non-rotational grazmg is practised, certainly svith ewes 
and lambs and with fattening cattle, because it is generally held that 
better finish is obtained if such stock are not disturbed by movement 
This pomt, which will be discussed m more detail later, applies also in 
more intensive sheep or beef production. Store cattle however, may 
be moved from field to field m order to keep pastures in balance The 
aim with sheep pastures, is generally to maintain a short dense sward 
and the store cattle are used to attain this end Again m this, as with 
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along with a limited use of the mowing machm , o secure thejt^ 

there may be severe overgrazing, but the cssen , 

farming is a maintenance of a practical compromise between 

times conflicting demands of stock and swar . period 

With breeding ewes, the farmer is fortunate ^at there is a^enoa 
between weaning and about three weeks e ore m . 

own interests, or rather in those of *i^equentb^ 
should be kept on short commons. This provides “ ((J ea fout, 

about two months’ duration, when the ewes c neglected 

field by field, the rough growth which may have been neg ec ed 
during the main grazing season. In this way it « Prieto bare the 
herbage so that favourable conditions for *»**“?“ S h J,JL arc 
are removed. Also the plant nutrients locked up in herbage 
returned as dung and urine and promote further ne 6 ; 

ioration of pasture can he arrested by such treatment m the late summer 
and there will be a fresh growth in the autumn flu*- 

This mowing function of sheep makes them Pearly wall bl 
the dairy farmts a tool for grassland management, ^anably on uch 
farms there are fields which in the late summer appear “ * "J 
lonn and short growth due to the fact that dairy cows avoid herbag 
that has been fouled with their excrements. Fortunately s “Pj 
tliev are hungry, will graze closely to dung patches and achieve a 

defoliation which obviates the n = e ^° r agatofor this'same 

good fencing so that the flock may be securely 
La. It is equally important that the flock size should not be so g ea 
that the early spring bite for the dairy herd is prejudiced. On farms 
med jLiaX for dairying, sheep must be complementary ro and not 
competitive with the dairy herd. 

adaptation of management practices 

Turning now to systems of grazing, it has already been stated that 
most sheep farmers prefer set stocking for both bullock fattening an 
fat-lamb production because it is claimed that better finish is obtained. 
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arc property herded . p 

Subsidies of various kinds apart, one cannot expect a great deal oi 
direct profit from cattle kept on the hills Their function, it : l* 
reiterated is the secondary one of removing tussocky or unpalatable 
grasses such as Molinia m order to improve the shccp-carrymg capacity 
of upland grazings 

On the larger grassland farm between the hills and the intensivel) 
cultivated land, both sheep and beef cattle play an important part m 
the utilization of grassland Here their low’ food-conversion efficiency 
is offset by the high measure of labour efficiency that can be obtained 
In no sense can the grassland management be termed intensive 
Generally the grazing areas are large and fertilizers are used sparingly 
The primary aim is to get a sward with a reasonably proportioned 
clover element for such farming docs not w arrant the use of nitro- 
genous fertilizers except to provide a limited amount of early grass tor 
lambing ewes or for stimulating the hay crop It is good farming 
practice to apply both phosphate and lime where these arc required 
Either permanent grass or long-duration ley s are employed and though 
such species as ryegrass timothy and cocksfoot may be sown originally, 
along with white clover there is a tendency for regression to the Poa 
and Agroslis species and Yorkshire fog 

Normally non rotational grazing is practised, certainly with ewes 
and lambs and with fattening cattle because it is generally held that 
better finish is obtained if such stock are not disturbed by movement 
This point which will be discussed m more detail later, applies also in 
more intensive sheep or beef production. Store cattle however, may 
be moved from field to field m order to keep pastures in balance The 
aim, with sheep pastures is generally to maintain a short dense sward 
and the store cattle are used to attain this end Agam in this as with 


uplandsis less than five month, and where there ye aim the 
demands of the cases, dm is not pracucablc If cattle arc 
there must be a supplement of hay, a crop not castly conserved on tail 
farms which are generally in high rainfall areas S, ' 1 6'»PP«' S 
the logical winter supplement, but .t is not a sufficiently mobile source 
of nutriment robe used other than on the mb) c land n here it is produced 
There arc, in consequence, strong arguments for the summer agutmen 
of lowland catdc on the hills and for their return to the lowlands in the 
winter They may not have the •rustling - qualraes of the genuine 
hill breeds and crosses e g the Galloway, West Highland and Cross- 
Highland, hut nevertheless they will do a useful and essential job it they 
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There is a certain amount of experimental evidence to support this 
^ A trial at Ruakura in New ZeJand Ml Department of 
Agriculture, 1953) investigated both rotational and non-rourmnal. or 
‘ set \ stocking at two levels, namely four caves an d that lambs and a hal t 
cattle beast to the acre, and eight ewes with lambs to the acre, 
conclusions were that at the lower rate of stocking, non-rotanonal 
grazing gave lambs of higher live and dead weight and of better finish, 
while the gains in cattle, which were used to control growth at th 
lower rate of sheep stocking, were also higher. Rotational grazing 
gave the better live-weight gains, carcass weights and grades at the 
higher rate of sheep stocking. It was concluded that rotational graamg 
was likely to be of most value to farmers adopting high rates of stock- 
ing with ewes but using no cattle. 

Thompson and Hooper (1952) compared set and rotational stocking 
of lambs on a rycgrass/subtcrrancan clover pasture in Tasmania, and 
the former method showed significantly the greater gains. Th c 
growth rate of thc rotationally-grazed lambs showed a greater slowing 
down, as maturity was approached. A rigid four-week rotation was 
adopted and this may have been responsible for thc difference, for with 
such a time lag at certain stages of thc pasture growth cycle, herbage 
could become over-mature for ewes and lambs. 

Similarly, in another Australian trial (Moore, Barrie and Kipps* 
1948), no advantage was obtained from rotational as opposed to con- 
tinuous grazing of ‘a stabilized pasture mixture’. It was considered 
that provided the pasture satisfied thc energy requirements of the 
animals, continuously grazed swards arc as productive as those rota- 
tionally grazed. In fact rotational grazing was thought to be an 
advantage only where thc stocking rate fluctuated to allow the con- 
sumption of herbage to equal its growth rate. 

' Comforth (1955). in the work already referred to, obtained a 23 per 
cent advantage for rotational over non-rotational grazing on the 
pastures that received no lb. of nitrogen. On thc pastures that 
did not receive fertilizer nitrogen the difference amounted to only 10 
per cent more live weight per acre from the rotationally grazed 
pastures. 

The Australian results, and to some extent those from New Zealand, 
are disappointing in view of the classical work by "Woodman and his 
associates on the effect of intervals between defoliation on the produc- 
tion of nutrients from pasture. It is also in conflict with Levy’s 
(*949) opinion that rotational grazing gives a fifty per cent greater 
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productivity than non-rotational ^“^Irilncnts to form 

denied the essential informatton about the vinous ^ $ho ^ vn> intensi ty 
an independent judgement. As thcB.ua mra , ^ racrewe re 

of stocking is important and the highest ve ; w ^6 ^ ] am bs 
obtained from rotational grazmg, using g experiments there 

per acre. It is possible drat in both ‘ t only pre- 
may have been a measure of tinder but also may have 

vented rotational grazing showing to csta ’ avai]a bl e to the 

resulted in a deterioration in the qua ty , attem of long 

sheep. There is a tendency with set ^ ^ 

and short grass and from die latter s eep ^ is feed 

s.rX’r “s ; ? 

rtrrS;, ri stx 

sheep insist on making the movemen s ^ ming t h e m6wing 
pasture, thereby avoiding over-matu p 

machine for the conservation of sur I from rotauonal grazing 
There is a definite management a fl for conS ervation of 

under farm conditions in that it gives larse, surplus grass 

surpluses. Under set stocking where the fi ld 'f w bo!e grazing area, 
tends to be spread in neglected patches ov , uc b as Britain where 
This is a point of considerable concern in a co escrves for a long 

there is a problem of budding sufficient ^ stoc k- 

winter. The same result can, oft ’ . ‘bunching-up’ and with- 
ing if there is sufficient subdivision to permit bunching P 

drawal of fields from grazing. five-weight increases per 

Though under optimum S m d Cooper, 

acre can be obtained from rotauon B & boggets exceeding 
I9S3. report live-weight increases l "eed neverldess that them 

900 lb. per acre annually)* it isgenerJly agree neve 
is some sacrifice of finish in the animals so gmzed^ P 
those set-stocked at rather Tower L area to 

a disturbance of stock, either hi . w ith young lambs due 

another-a point which is with ^ ^ 

to temporary mismothcnng instance, that hoggets spent a 

grazing. Pendrill (t95 ? ) ^^Sbt food on the fourth 
significantly longer period gra g B where movcmcnt of 

day in a field as compared with the second day » give 

stock takes place at intervals of 4 or 5 da} s» mere a 
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a saw-tooth effect to the graph of the plane of nutrition At the 
beginning of a grazing period there will he an abundance of good teed, 
but immediately pnor to a change sheep will be forced to eat poorer 
herbage This may be critical with suckling lambs, for a weight 
difference of only 3 or 4 lb at weaning may make an important 
difference in grade The danger of forcing fatening stock too far m 
the interests of full utilization can be obviated to some extent by the 
use of ‘follower’ stock, which have lower nutritional demands, e g 
dry sheep intended for breeding or store cattle 
W R Merncks, a Sussex farmer, devised such a system m 1953 » 
when he subdivided 55 acres of a good ryegrass/ white clover pasture 
into ten grazing umts, which were grazed on a rotational system ot 
3 days fattening cattle, 3 days fattening sheep and 3 days store sheep, 
followed by 21 days’ rest The final result was that rather more than 
one cattle beast and five sheep per acre were fattened and five additional 
sheep, intended for breedmg, were summered in a forward condition 
The total live-weight increase per acre, over a period of six months, 
exceeded 600 lb The cattle tended to scour a little on the lush grass 
and perhaps did not have the finish of set-stocked cattle on comparable 
pastures, but nevertheless they had the condition to suit modem 
market demands 

A development of considerable topical interest is a system of for- 
ward ‘creep’ grazing of ewes and lambs which has been devised at 
Cockle Park (Dickson 1958) It has been noted by several workers, 
e g Wallace (1948), Barrucoat, Logan and Grant (1949) and Labban 
(1956), that the suckled ewe reaches a peak in milk production in 2-4 
weeks from parturition Thereafter yields tend to fall and at the 8th- 
10th week may approximate to half the peak level Labban found that 
there was a strong positive correlation (r= o 9) between milk yield of 
ewes and live-weight gam of lambs from birth to 8 weeks From 8-16 
weeks the condition was small and not significant It seems that just 
at the point where the lambs’ appetites are increasing the ewes’ effi- 
ciency is decreasing and they are m fact becoming highly competitive 
with their lambs for available grass 

One device occasionally adopted to meet this situation is the weaning 
of lambs at n-12 weeks to give them preferential grazing This pro- 
cedure has two disadvantages The first is that it denies lambs a small 
amount of milk which has some value for them and the second is that 
css cs which are weaned early tend to get very fat The Cockle Park 
system was designed to avoid these two difficulties The grazmg area 
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is subdivided into six paddocks and creep access is provided for lambs 
from one paddock to the next in the grazing rotation. At all times 
during the suckling period the lambs have access to fresh grass and so 
they are able to give full expression to their growth potential. Early 
in lactation the ewes are not required to graze closely, but as the season 
advances and there is a parallel deterioration in their milking ability and 
in the quality of the herbage, they assume more and more the function 
of scavengers behind their lambs. 

Under experimental conditions with five ewes and ten lambs per 
acre, creep grazing showed an advantage of n lb. per head within a 
period of 14 weeks over lambs that were on conventional rotational 
grazing where ewes and Iambs were run together. The difference in 
weight was reflected m condition for 85 per cent of the creep lambs 
were judged to be fit for slaughter as against 38 per cent of the rota-* 
tionally grazed lambs. 

The observed differences were attributable not only to superior 
nutrition but also to lower worm burdens as measured by faecal egg 
counts. It seems that the lambs were ingesting herbage carrying less 
infective larvae and possibly ewes following behind, with their age 
tolerance, were acting as disinfecting agents. 

Forward creep grazing has been tested on a commercial scale using 
flocks of approximately 200 ewes with their lambs and the experimental 
promise of the system has been fully maintained. There has been no 
evidence of mismothering and it has been possible to achieve rates of 
stocking of 7-9 ewes and 10-14 lambs to the acre with the majority of 
the lambs being sold fat off thin mothers at more than 40 lb. dressed 
weight. In one such commercial trial at Nafferton Farm, King’s 
College, Newcastle-upon-Tyne, 630 lb. of live-weight increase were 
obtained in 14 weeks. 

Speddmg and Large (1959) have been investigating an alternative 
form of creep grazing where lambs have access to a pasture alongside 
the area reserved for the ewes and precautions are taken to prevent the 
lambs going back on to pasture carrying a contamination of the 
infective larvae of endoparasites. They have obtained outputs 
corresponding to those that have been reached with forward creep 
grazing. Though there arc differences in techniques as between the 
two systems they embody the same principle of giving preferential 
treatment to the lamb at a stage when it is capable of making high rates 
of gain and a very efficient use of food. As a consequence it makes 
intensive fat-lamb production a reasonable alternative to dairying on 
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medium-sized grassland farms providing always tliat the problem of 
economical winter feeding of the ewe flock tan be resolved 
The principle of preferential grazing for young stock has been fol- 
lowed for a number of years at Ruakura Animal Research Station in 
New Zealand (N Z Department of Agriculture 1953) Over a period 
of nine years rotationally-grazed Jersey calves at 8 months have averaged 
396 lb as compared with 291 lb for calves which have been set- 
stocked This difference has been caused by running the young stock 
on fresh grass in advance of the milking cows McMeekan (1954} 
reports that though the rotationally-grazed calves had worm burdens 
their thrifty condition enabled them to withstand the effects of para- 
sites The benefit of rotational grazing is maintained m the second 
year for the rotationally-grazed heifers at 20 months averaged 130 lb 
more than their set-stocked mates and this is a substantial difference for 
Jerseys of this age 

This New Zealand work in the rearing of young stock has a particular 
interest for Britain at the present time in view of the efforts which are 
being made to increase the output of beef from calves which arc 
obtained from dairy herds Unless autumn- and winter-born calves 
are weaned on to dry food at an unusually early age (Preston, 1956) 
the highpnee of whole milk m winter makes their initial rearing expen- 
sive With conventional feeding the successful exploitation of grass 
in the following summer can be a valuable offset to the heat 7 }' costs of 
winter feeding Hamilton (1956) has shown that grass is quite the 
cheapest form of nutriment available for stock on British farms and 
economically it is important to exploit this fact especially with stock 
such as beef cattle which have a low efficiency of food conversion. 


SHEEP-CATTLE RATIOS 

Turning to the quesuon of ratios of sheep to cattle in a mixed stock- 
uig system it is popularly held that a combination of the two gives a 
more efficient utilization of pasture than the use of one species alone 
Unquestionably this is true on upland grazings where mechanical 
methods of controlling the balance of the sward are denied the farmer 
The position may he different on lowland farms where the mowing 
machine may be used and closer subdivision makes possible a more 
intensive concentration of sheep at critical tunes In a tnal at Ruakura 
(Report of N Z Department of Agriculture, 1954) three rates of stock- 
ing have been compared, as follows 
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(1) Four ewes per acre, with lambs, plus -J- cattle beast per acre 
wintered and fattened. 

(2) Six ewes per acre, with lambs, plus J cattle beast pet acre bought 
in the spring and fattened. 

(3) Fight ewes, with lambs, and no cattle. 

Over three years meat production on all three systems was virtually 
identical at approximately 250 lb. per acre, but the 6-ewe level pro- 
duced 42 per cent more wool and the 8-ewe level 86 per cent more 
wool than the 4-cwc level of stocking. There were no real differences 
between the three systems in vital statistics for cither ewes or lambs. 
Relative to the 4-ewe level, 6 ewes showed an increased cash return of 
12^ per cent and 8 ewes an extra return of 25 per cent as a consequence 
of the greater value of lamb relative to beef, and the increased wool 
production at the higher sheep-stocking rate. These results conflict 
with those given in annual reports from the Cockle Park Station, 
There, cattle and sheep together gave twice the live-weight increase 
per acre that was obtained from a corresponding manurial treat- 
ment where only sheep were grazed. The author’s view is that this 
result should be viewed with some scepticism. The areas compared 
were unequal in area and there was no replication except in time. 
Furthermore, the observations extended over a period of only 14 
weeks and the rate of stocking on the sheep-only treatment was low. 
If sheep-stocking rates had been doubled a different result might have 
been obtained. This draws attention to the importance in grazing 
studies of having as one variable the intensity of stocking, for as the 
Ruakura work on set versus rotational grazing in sheep, has indicated, 
intensity of stocking may show some interaction with the systems of 
grazing (or manuring of pasture) which are being studied. 

The whole question of sheep-cattle ratios is now being investigated 
at the Husbandry Farms of the Ministry of Agriculture, Fisheries and 
Food. A comprehensive plan is being followed and there will be 
replication on each farm as well as replication in time and in district. 
This is important, and variations in soil or climatic conditions may pro- 
foundly affect results. For instance, it is conceivable that where there 
are serious local infections of Nematodirtis, cattle may be advantageous 
because they dilute the rate of stocking with susceptible animals and 
there may possibly be some ingestion and destruction of infective larvae 
by cattle. This has long been held to be one of the functions of cattle 
in a mixed grazing system, though the availability of effective anthel- 


3 $t 



Aminat Health , Production and Pasture 

mm tics for round worms has reduced the cogency of this argument 
There still remains the other possible argument in favour of mixed 
grazing, namely that cattle control the pasture so that it is more suited 
to sheep, but there arc farmers who practise ‘ gang-mowing to presets c 
the lawn-like sward There has been no satisfactory experimental 
work done to establish the efficacy of gang-mowing, but trials arc now 
being undertaken at the Ministry Husbandry Farm at Drayton near 
Stratford-on-Avon The author conducted a limited trial on gang- 
mowing with set-stocked sheep and obtained small but inconclusive 
advantages from it One deprecates, how ever, a mechanical system of 
pasture control as a regular practice if equall) good results can be ob- 
tained by using cattle, which derive benefit from the food they ingest 
Like sheep graziers, cattle graziers do not favour rotational grazing, 
but generally prefer to adopt a non-rotational system to put the best 
bloom on their cattle Very little experimental evidence is available 
on this point, though Davies and Williams (1948) in their study of the 
production of permanent pastures compared with temporary le>s, 
recorded their highest live-weight gains on a farm which practised 
rotational grazing Because this work was not replicated, however, 
only surmises can be formed The objections to rotational grazing 
that are usually advanced are those of disturbance, but very high rates 
of gam for rotationally-grazcd cattle have been obtained at the Grass- 
land Research Station, at Hurley There is little evidence on the value 
of stnp-grazmg, using the electric fence, for fattening cattle A num- 
ber of farmers have tried the system, but there has not been the wide- 
spread adoption that has been experienced in dairying On the one 
hand it seems that, as in dairying there would be a more efficient use of 
grassland, but on the other there is the counter of a great deal more 
labour and attentton Cattle feeders are traditionally ' dog and snek 
men, with a large number of acres at their disposal and, unlike the 
s mailer-scale dairy farmer, without the same urgency to make the most 
out of a small area of land 

One farmer who tried the system admitted to the author that he 
increased his carrying stock capacity, but that his stock were restless, 
especially when they were given their first break in a field Further- 
more, he did not get the finish on his stock that he obtained with 
conventional grazing, which with the existing grading system, intro- 
duced a price penalty Today, with a free market, the butcher s 
preference is for leaner stock and this objection may not be quite so 
valid It is unfortunate that the manifest advantages of stop-grazing 
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for dairy cattle cannot be repeated for beef animals in a country where 
beef is still in such short supply, but so far as fattening cattle are con- 
cerned the method seems to have little appeal. 

WINTERING OF STOCK 

The wintering of store cattle on good foggage is a rather different 
proposition, for in the winter months, with uncontrolled grazing, 
spoilage can easily exceed the quantity of utilized grass. In this con- 
nection the system of growmg cocksfoot and lucerne in alternate rows, 
devised by Hughes (1950) at the Grassland Research Station at Dray- 
ton, is worthy of mention. He applied a heavy dressing of nitrogenous 
fertilizer to his swards in August to promote a vigorous growth of 
cocksfoot in the autumn, and thus to provide a quality of keep which 
was at least equal to average-quality hay, and which was capable, with 
rationing, of maintaining stores in good condition over the winter. 
The cattle walked the rows of lucerne, which died in the winter, and 
in this way minimized treading effects on the cocksfoot. The lucerne 
was not impaired by this treatment and came away vigorously in the 
following spring. This alternate-row system seems to be particularly 
valuable on heavy land, and with back fencing to give protection to 
the sward there is a particularly good recovery of the cocksfoot and 
poaching is minimized. 

Out-wintering of bullocks is a good practice, provided it can be 
done without detriment to the sward, not just because it lowers the 
cost of wintering but also because it obviates the check and loss of con- 
dition characterizing in-wintcrcd bullocks when they arc turned out to 
grass. It is not known whether this check is due to changes in the 
rumen flora, or to a combination of this and other factors. 'Whatever 
the cause may be the check is a real one, and for tills reason graziers 
pay more for bullocks with rough coats and mud on their legs, 
obvious signs of out-wintering, than they do for animals that have 
enjoyed a less stringent winter in yards. Where it is essential to in- 
winter stock it is important to make the transition to spring grazing a 
gradual one by putting them in a relatively bare field with some shelter, 
and to continue part of the winter feeding regime until such time as the 
stock wean themselves off supplementary food on to the young grass 
as it increases in quantity. The principle of gradualness in change is 
a very important one in stock management. 
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SWARD COMPOSITION 

Rclamdy tele u known atom the opunara »«*d compoiiuon 
for fattening neck Obuomly « u tmporunt to lme «>«■«•»"> 
w hich ha%c a long gtmung reason produce a l.tgl. 
matter per acre and preserre a good ratio ofleaf to stem Ttecron 
dittoes are best satisfied by a svsard sslnch cona.ns a high pr°l»™°" 
of perennial ryegrass and ssli.te closer but there may be "''"’Pf 1 ' 
which are important too It is safe to say, hots eser that swards wh 
arc dominated by d C roiw species or Yorkshire fog have too short a 
growing season and too low a yroduction of digcsnble nutrients to 
satisfy the conditions of a good pasture It vv as remarked at the outsc 
that certain fields m Britain lmc achieved reputations for fattening 
and others for growing stock without putting on condition but no one 
has been able to define with certaint) the essential differences between 
such pastures During the wartime ploughing up campaign, t e 
owners of fattening fields maintained that the intrinsic \ittue ° ft “5 lC 
pastures would be irrevocably lost were the) to be ploughed The 
Royal Agricultural Society sponsored a scries of trials comparing ley* 
and permanent pastures and these have been reported b) Davies an 
Williams (1948) The results produced no evidence that even the 
best permanent pastures bad qualities vvluch were lacking m well- 
managed leys 

In the author s experience cocksfoot is not a good spcacs for pro- 
moting live-weight gams or finish if it is a dominant element in the 
sward Certainly it is high yielding but it is not a particularly palatable 
grass It is a species which is widely included m long ley mixtures 
which arc used for both cattle and sheep but there has been little cnucal 
work to determine the comparative value of cocksfoot or of any other 
species There is room for this in grassland experimental programmes 


DISEASE8 AND PARASITES A8 LIMITING FACT0R8 

One mterestmg point on the value of white clover for fattening 
lambs emerges by accident from some work in New Zealand concerned 
with a study of a photosensitive condition known locally as facial 
eczema Very often following summer droughts there are warm 
rains which promote very rapid pasture growth especially of ryegrass 
Such lush growth carries some principle which causes a liver dis- 
function of which the eczema is a secondary condition A trial was 
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laid down which included swards with a dominance of white clover in 
the hope that they might constitute safe pastures. They were grazed 
normally by ewes and lambs in the spring and summer, and it was 
noticed that better lambs were drafted from these clover-dominant 
swards than from normal grass-clover mixtures. 

This result is strangely in conflict with a widely held view among 
sheep farmers in the north of England who do not favour a high pro- 
portion of clover in their fat-lamb swards. There is a prejudice against 
the use of basic slag on this account. It is not known whether there is 
any real substance to this dislike of clover dominance, and there are no 
definite grounds advanced to explain the situation. One suggestion is 
that the trifoliate leaves provide a particularly good micro-climate for 
the survival of the infective larvae of round worms. 

Seoud (1959) has investigated this point in a comparison of a clover- 
dominant as opposed to a ryegrass-dominant ley, grazed by ewes and 
lambs. In the first year of the trial the lambs on the clover leys made 
better live-weight gains, but their advantage was not significant. In 
the second year of the trial both the swards carried a high level of 
Netttatodirus spp. There were more clinical cases of Nematodiriasis 
and more mortalities on the clover-dominant sward. 

Pasture, unfortunately, is more than a source of nutrient for the 
stock it carries, it is also an environment and may carry infections or 
be responsible for imbalances which may influence the health of stock. 
Fortunately one major problem in the grazing of certain pastures has 
been resolved, namely deficiencies in the trace elements, cobalt and 
copper. Large areas of grazing, deficient in one or other of these 
elements, have been made safe by appropriate top-dressing or by the 
provision of mineral supplements. Fortunately most parasitic round 
worms can be controlled by modem anthelmintics, of which the most 
notable is phenothiazine. Lung worms causing husk or hoosc in 
cattle, and also afflicting sheep, arc now being brought under control, 
though the best protection is avoidance of trouble by both the provi- 
sion of clean grazings — and here mixed stocking and change of grazing 
arc valuable — and the provision of good feeding, so that stock may be 
better fitted to withstand infections. To give this protection to lambs 
it may be necessary to provide a small ration of com. Young cattle 
arc particularly susceptible to husk, and its ill effects, and on some farms 
it may be necessary to yard young stock early in the autumn and 
allow them access only to dry grass, c.g. after the dew has passed. 
Serious trouble is not normally encountered where rotational grazing 
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on the Ruakura pattern tt adopted, . c the tveaner calv eta removed 
frequently on to fresh pasture and infection is not permitted to build 

up because of undue concentration of susceptible stock 

The round worm Nmatodmis, which is responsible for losses m 
lambs in parts of Bntam and m other countries, has already been men- 
tioned Fortunately there is now a specific, bephemum embonate, 
which will deal with this worm, but the cheapest and best control will 
be effected by management Thomas (1956) has established that, un- 
like the eggs of most other round worms, those passed by infected 
lambs do nothatch within a few days to provide further infection, but 
overwinter and hatch in the following spring On infected pastures 
there is normally a peak of infective larvae in the mid-spnng period, 
followed soon afterwards by a peak in the passing of eggs by infected 
lambs There is also evidence of a strong age tolerance so that ewes 
are not a serious source of infection In other words, the primary 
source of infection for lambs is the previous season’s crop of lambs 
Current work at Cockle Park is showing that control by management 
is possible simply by making a break m the cycle of infection New 
leys do not carry infection nor will fields which did not carry sus- 
ceptible stock in the previous year Control, therefore, involves an 
alternation of fat-lamb pastures from year to year and creep grazing 
now gives the means of concentratmg the fat-lamb flock on a small 
clean area to avoid infection bemg spread all round the farm 

A variety of other diseases also affect sheep and cattle on pasture, 
and the most serious of these arc the so-called metabolic diseases which 


include pregnancy toxaemia, hypomagncsacmia and hypocalcaemia 
The maintenance of the plane of nutrition over the last weeks of preg- 
nancy appears to be critical in the control of the first-mentioned disease, 
but low values for serum magnesium and calcium are a more difficult 
problem As yet no certain method of prevention has been established 
and the incidence of hypomagnesaemia is sometimes embarrassingly 
high on vigorous early-growing leys In the absence of better know- 
ledge it seems that a sheep farmer who is encountering such trouble is 
advised to continue supplementary feeding even when there is apparent 
plenty of grass until such tune as it becomes more mature Quite 
possibly, as with dairy and single suckling cows, a magnesium supple- 
ment such as magnesite may give some control (Allcroft 1954). but 
this has not yet been definitely estabhshed (see, however, Chapter 24) 
Fortunately fattening cattle do not seem to be so prone to disease as 
dairy cattle Possibly this is in part due to the fact that the former are 
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not subject to such intensive management or to the same physiological 
strains as lactating cattle. The breeding ewe, the lamb and. the hogget 
over its first winter are, however, subject to considerable grazing 
hazards, including, in addition to those already mentioned, infections 
due to anaerobic bacteria of the Clostridium welchii group, e.g. pulpy 
kidney and lamb dysentery. We are fortunate, however, in the con- 
siderable progress in veterinary science, which has provided effective 
vaccines. One does not accept now that loss under intensive manage- 
ment on pasture is unavoidable, for there are now many pharmaceutical 
and management aids at our disposal and these will increase with the 
progress of knowledge and the achievement of a greater understanding 
of the relationship of the grazing animal to its environment. 
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CHAPTER TWELVE 


Non-Ruminants 

D. E. EYLES 

Factors affecting herbage consumption, rations at pasture , effect on health and on 
animal products, conclusions — Types of sward — Conserved grassland products: green 
herbage, dried herbage, hay, silage, leaf-protein extracts— Integration of pigs and 
poultry — Turkeys— Geese. 


The main discussion in this chapter is confined to the utilization of 
grassland by domestic fowls and pigs, which are referred to collectively 
as non-ruminants. The grazing of turkeys and geese is considered in 
separate sections at die end of this chapter. All of these animals obtain 
nutritional advantages from being kept out-of-doors in addition to any 
benefit derived from actually eating herbage. In Great Britain, except 
in adverse weather, they receive sufficient sun on their bodies during 
tbc summer to produce vitamin D to meet their requirements (Hainan, 
1948; Braude, 1954). They have access to soil which is a source of 
minerals and of other factors similar to the animal protein factor 
(Cunha ct it/., 1949) and can cat soil fauna, so obtaining animal protein, 
although a quantitative estimate of the value of this contribution has 
never been made. As a result of microbiological activity their dung 
also becomes a source of vitamin B 12 (Smith, 1951). All of these 
advantages can be obtained by keeping non-ruminants on bare soil; 
therefore, the use of grassland can only be justified if its consumption 
results in cither an improved production or an economy in the use of 
concentrates (Hcuscr el ai, 1945; Bodcn, 1952). 

FACTORB AFFECTING HERBAGE CONSUMPTION 

Both pigs and poultry prefer to graze legumes rather than grasses, and 
young leaves are selected in prefer nice to old leaves and stems ; free 
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range allows more sclccmc grazing than close-folding and more 
herbage is eaten (Eyles and Cowlishaw, .957, Eylcs md Alder. 1955) 

Like Lie and sheep, non-rnminants will graze less if offered concen- 
trates without stint than if these arc restricted, and it has been claimed 
that the feeding of concentrates low in protein encourages grazing ana 
those deficient in minerals encourage scratching and rooting ot tnc 
soil (Heuser et at , 1945, Robison, 19JS) 

Poultry eat a smaller percentage of their total dry matter make 
the form of herbage than do pigs During the first few w ccks ot the 
life of a non-ruminant herbage consumption is negligible, but it in- 
creases with advancing age untd the animal is mature (Buckner et a , 
1937, Ballinger, 1943) A maximal herbage intake may not be desir- 
able in all cases since a bulky diet may not contain a sufficient density 
of digestible nutrients (Cosvlishaw and Eyles, 1958) It has been shown 
that a high herbage intake tends to decrease the egg production of fon 
(Temperton and Dudley, 1943) Similarly a large percentage o 
herbage in tbc diet of non-runnnants reduces growth rate (Heuser et at , 
Smith et a! , 1950), hence fresh herbage is of little use for rapidly fatten- 
ing animals such as broilers With bacon pigs and animals being 
reared for laying or breeding all of which require a slower growth 
rate than the maximum, large amounts of herbage can be fed success- 
fully 

Because of tbc influence of these factors and the difficulty of direct 
measurement, the amounts of herbage ingested by non-ruminants while 
grazing are not known accurately The value of figures for the con- 
sumption of cut green herbage is reduced because these do not take 
into account selective grazmg In tbc light of the limited data available 
(Eyles and Cowlishaw, 1958, Eyles, 1959), it may be assumed that the 
percentage of the daily dry-matter intake that may be provided by fresh 
herbage is for chicks 5 per cent, for growing and laying poultry 1° 
per cent, for weaned pigs and lactating sows 10 per cent, for bacon 
pigs and pregnant sows 30 per cent These figures have been used as 
a basis for Tables 12 1-12 5, which show the calculated percentages of 
the individual nutrient requirements which it is estimated are supplied 
by herbage for each class of grazmg non-ruminant stock It will be 
realized that the figures in these tables are theoretically calculated and 
can therefore only serve as an approximation In many respects the 
requirements of breeding hens are similar to laying hens and therefore 
the former have been omitted from the tables 
In every case herbage contributes a large proportion of crude fibre 
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undigested lengths of herbage Although pigs and poultry are mu* 
less efficient at digesting crude fibre than ruminants, they diges 
crude fibre of young herbage better than that of cereals (Hainan, 1949 . 
Forbes and Hamilton, 1952) When high-fibre rations are ted t 
growing non-ruminants their digestive tracts enlarge to accommo a 
the extra bulk (Sampson and Mussehl, 1936* Bohman et at , 1955; 
Besides containing a lower percentage of crude fibre than mature grass, 


TABLE 12.3 Percentage of total nutrient requirements supplied by very young 
by high-quality lucerne meal and by whtte clover when eaten at rate of 5 per cen oj 
dry matter intake of chicks* 


Nutnentsf 

Very young 
grass§ 

Good-quality 
lucerne meal** 

Young white 
cloverft 

Fibr<4 

13 

U 

11 

Total protein 

6 

5 


Calcium 

— 

9 


Phosphorus 

— 

2 

4 

Potassium 

— 

— 


Manganese 

— 

6 

28 

Iron 


98 

84 

Copper 


39 

— 

Magnesium 


— 

47 

Vita nun A 

1 x 400 

420 

— 

Thiamin 



— 

Riboflavin 


28 

> — 

Pantothenic acid 

6 


— 

Niacin 

16 


— 

Pyndoxine 

21 


— 

Biotm 



— 

Vitamin Kj 

5 000 

1 - 



* Heavy breeds 7 wks old 05 lb live weight 28 2 gm DM/bird/day 
T Requirements according to National Research Council (1954) except f bre 
t Crude fbre level 7 o per cent (Ewing 1951) 

S See Table 12 2 note** 

tt Analysis according to Momson (1940) 

** See Table 2 1 2, note tt 

young quickly-grown herbage contains more unligmfied cellulose 
which poultry may digest a little and which pigs can digest v.eu 
(Woodman and Evans, 1947) Thus to obtain the maximum benefit 
from grazing, only young herbage with a low fibre content must be 
offered to non-ruminants (Tabic 12 1) 

Reference to Tables 12 1, 12 4 and 12 5 shows that although herbage 
is an excellent source of vitamins it is a poor source of energy. 
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therefore supplementary meal rations must have high energy values 
and low fibre contents (Cowlishaw and Eyles, 1957). This is normally 
achieved by using a high proportion of cereal grains. In genera], 
herbage supplies inadequate amounts of calcium and phosphorus for all 
classes of poultry and pigs (Tables 12.1, 12.2, 12.3 and 12.5). These 
elements together with salt are best provided by a mineral supplement 


TABLE 12.4. Value of very young herbage to different classes of pigs 


Class of pig 

Herbage eaten 
as % of total 

1 dry-matter 
intake 

% of total nutrient requirements 
supplied by very young herbage^ 
Total dig. Crude Crude 

nutrients** protein** fibreff 

Weaned pigs* 

10 

7 

15 

30 

Bacon pigsf 

30 

21 

58 

65 

Pregnant sows$ 

30 

21 

50 

46 

La eta ting sows§ 

10 

7 

17 

15 
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TABLE 12 5 Percentage of total nutrient requirements of ptgs supplied by tery 
young grass and by medium-quality lucerne meal 


Nutnents§ 

Weaned pigs*, 
herbage as 10% 
of intake 

Very Medium- 
young quality 
grasstt lucerne 
mealffi 

Bacon pigst 
herbage as 30% 
of intake 

Very Medium- 
young quality 
grasstt lucerne 
mealfrfc 

Pregnant sowsf, 
herbage as 30 % 
of intake 

Very Medium- 
y oung quality 

grasstt 

meatpf 

Total digestible 1 

nutrients ! 

— 4 


13 1 


13 

Crude protein 

14 II 

56 

45 

48 


Crude fibre** 

36 — ! 

69 

— 

49 


Calaum 

— 26 

— 

93 

— 


Phosphorus 

— 6 

— 

25 

— 


Carotene 

5 900 1 200 

10000 

2 OOO 

2,200 

430 

Thiamin 

$S 30 

290 

89 

290 

89 

Riboflavin 

IOO 73 

310 

220 

260 

180 

Niacin 


210 

no 

210 

no 

Pantothenic acid 

10 35 


120 

33 

120 

Pyndoxmc 

83 - 






* See Table 124 note* 
t See Table 124 note t 
t See Table 124 note % 

§ Requirements according to National Research Council (1953) except fibre 
** Sec Table 124 note tt 

tt Analysis according to Elvchjem and Sober (1943) 
tt Analys s according to National Research Council (1953) 

pigs and pregnant sows (Tables 12 4 and 12 5) may receive about half 
their protein needs from herbage, but poultry obtain a smaller pro- 
portion than this 

Tables 12 2, 12 3 and 12 5 show that there is abundant carotene in 
young herbage to meet the requirements of all classes of non-ruminants 
for vitamin A (Bethke et al , 1927, Eyles and Cowhshaw, i 959 » 
Dunlop, 1935) Riboflavin, the member of the vitamin-B complex 
likely to be lacking in cereal rations, is usually found in young herbage 
m sufficient quantities to prevent a deficiency except in the case of 
young chicks Although not supplying the whole of their needs, 
herbage contributes useful amounts of the other members of the vitairun- 
B complex to poultry diets (Tables 12 2 and 12 3) and to those of 
'' ea £ e< ^ P 1 !? F° r hacon pigs and pregnant sow s, herbage w ill supply 
all the thiamin and niacin that is required (Table 125) By consuming 

5 per cent of y oung grass, chicks obtain approximately fifty times more 
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vitamin K than they require (Table 12.3) • The percentages of carotene, 
thiamin, riboflavin and niacin in herbage are highest at a young stage 
of growth and then decline with increasing age (Kohler, 1944)* 

Table 12.3 shows that chicks receive appreciable percentages of their 
requirements for potassium and the trace elements (manganese, iron, 
copper and magnesium) from herbage. Bearing in mind the chances 
of soil contamination of herbage it seems possible that non-ruminants 
eating larger amounts of herbage will obtain most of their trace element 
needs from herbage. 

From the evidence so far presented it can be concluded that when 
non-ruminants graze dense young herbage an economy is possible in 
the provision of vitamin and protein supplements. The saving is much 
less, and may disappear entirely during winter or in a drought. Pro- 
vided good grazing is available, mashes based on cereals plus minerals 
may be used successfully to supplement the diets of growing pullets 
(Heuser et al . , 1945; Eyles and Cowlishaw, 1959) and laying hens 
(Shaw and Nightall, 195 1). However, it has been found that the addi- 
tion of a protein concentrate may be advantageous to grazing poultry, 
in particular to laying hens (Thomas, 1937). Grazing pigs, from 
weaning to 100 lb. live weight, need less protein supplement, added to 
a ration of cereals plus minerals, than those kept indoors (Lassiter ct al., 
*955). If herbage is plentiful, protein concentrates need not be added 
to a cereal plus mineral ration for pigs of 100-200 lb, live weight 
(Morrison, 1949). Evidence, in Great Britain, is incomplete for sows 
at pasture, but probably their ration should contain animal protein in 
addition to cereals plus minerals for the last few weeks of pregnancy 
and during lactation (Morrison, 1949). During early pregnancy the 
protein supplement can be reduced if ample young herbage is available. 

Clucks and sucking piglets from o to 8 weeks of age consume little 
herbage, therefore their concentrate rations must be nutritionally 
complete. The only possibility is a saving of the vitamiu-A supple- 
ment, The great advantage of giving sucking piglets access to grass- 
land is that they arc less prone to anaemia than piglets kept indoors, 
because they obtain ample iron from the soil and herbage (Venn, 
McCancc and Widdowson, 1947). 

Instead of using herbage to replace specific nutrients in a meal ration 
fed to appetite as discussed in the previous section, grazing may allow 
a reduction in the total intake of a balanced ration. When used thus, 
herbage may act as a diluent to the mash so that the latter is more 
efficiently digested and absorbed (Duckworth, 1954). As a safety 
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measure practical feeding scales are sometimes placed at : higher let els 
than the scientific requirements Hence the feeding of less than 
practical scale may still supply adequate nutrients It has been argue 
that tbs is the reason for the apparent saving of meal when at pasture, 
but research suggests that y oung herbage is of direct nutritional v ue 
However, mature herbage is not so valuable (Buckner ct <”^1945* 
"Wallace, 1943) and neither is grazing during winter (Godfrey and Titus, 
1934, Davidson, 1930) 

During the first few weeks of life of the non-ruminant the provision 
of grass will not produce any saving in the quantity of meal consume 
Reductions of from 7 to 17 per cent can be made m the quantity o 
meal fed to growing pullets on good pasture compared with those on 
bare range (Heuser et al , 1945), but a greater reduction usually rctar 
growth and the onset of sexual maturity (Vondcll, 1943) 
laying hens on good pasture from 5 to 10 per cent of meal can be save 
by not opening the self-feed hoppers before mid-day and thus encourag- 
ing the birds to graze (Eyles and Cowlishav. ,1957) Howcv er, a drop 
in egg production and moulting wall occur if birds do not has e free 
access to a supply of mash after consuming herbage (Tcmpcrton ana 
Dudley, 1943) 

Feeding pigs on the ‘Lehmann system’ allows an increasing p cr “ 
centage of grass m the total daily intake as the pig grows older 
Because its ability to digest fibre improves with increasing body weight 
(Nordfeldt, 1954) the older pig can deal more efficiently with bulky 
foods By usmg the ‘Lehmann system’ savings of 20-30 per cent of the 
total meal required from 60 to 200 lb live w eight can be obtained with 
bacon pigs or gilts reared for breeding (Fishwick, 1939 , Eyles and Alder, 
1955) There are reports of pregnant sows thriving on good grazing 
only (Hammond 1937) but the limited experimental evidence available 
(Fishwick, 1939, Ballinger, 1940, Eyles 1959) suggests that supple- 
mentary feeding particularly a few weeks before farrowing and after 
weaning is beneficial It would seem unwise to reduce the amount of 
meal which can be eaten by a lactatmg sow with a large litter because 
sows usually lose body weight when lactatmg 

When fed a full quantity of a balanced ration containing all the 
recognized nutrients in adequate amounts, non ruminants often thrive 
better when grazing than when kept mdoors (Winter and Schlanib, 
1948, Momson, 1949) They may derive additional benefit from 
unknown food factors or growth promoting factors (e g grass-juice 
factor for dude growth Kohler and Graham, 1951) Hormones m 
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spring herbage (Legg et ah, 1950) may stimulate growth of pigs (Gard 
et ah , 1955) and egg production of poultry (Godfrey and Jaap, 1950)* 
Inclusion of lucerne in the diet may enhance the reproductive per- 
formance of pigs (Teague, 1955)* 

EFFECT ON HEALTH 

Generally non-ruminants are more healthy when kept out-of-doors 
on pasture than when kept indoors, provided they are given land free 
of parasitic infection (Kennard and Chamberlain, 1939; Fishwick, 
IS>35). 

Artificial incubation and rearing of chicks to 8 weeks of age indoors 
has been perfected on a large commercial scale and from the health 
point of view, there is no case for the use of grazing during this period. 
Baby pigs from 2 days old have been reared successfully on milk 
substitutes when housed in heated buildings (Braude, 1954). If litters 
are suckled naturally, then rearing out-of-doors is beneficial because 
sow’s milk does not supply sufficient iron and piglets obtain it by eating 
soil (Braude, 1954). In addition sucking litters thrive better, make 
greater live-weight gains and eat more creep feed when outside on 
grass than when reared on the sow indoors and given injections of iron 
(Barber et ah, 1955). 

Before vitamin requirements were supplied, fertility and hatchability 
of eggs from hens on grass were better than those from hens kept 
intensively, but it has been shown that poultry can be bred and reared 
successfully for several generations under intensive conditions without 
access to grazing (Anon., 1954). However, in present farming practice, 
poultry and pigs for breeding and young stock being reared for breed- 
ing arc normally kept on grassland. It is thought that they are more 
hardy, take more exercise and have better appetites. Also breeding 
animals are kept on grassland as a safeguard against errors in the 
compilation of their diets. 

With fattening animals where hardiness and long life is not the aim, 
the arguments for keeping them on grassland arc not strong, especially 
during die winter when maintenance requirements arc increased by 
cold wet weather and the growth rates arc consequently reduced. In 
sunny warm weather, faster live-weight gains and Improved efficiency 
of food utilization arc said to be obtained from fattening pigs full-fed 
on pasture compared with those full-fed in dr)’ lot (Morrison, 1949), 
although the)* me extra energy for grazing. Exposure of laying 
birds to cold wet weather reduces egg production below that of birds 
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kept in dry warm conditions (Godfrey and Titus, 1934) l ^ c 
other hand, laying birds at free range on grassland, feather-peek less 
than birds kept in flocks indoors How ever, if kept in folds on grass, 
outbreaks of cannibalism do occur, so boredom and os crcrow ding are 
probably the determining factors (Wilson, 1949) and not the presence 
of herbage 


TIIE EFFECT ON ANIMAL PRODUCTS 

When grass is eaten m quantity the xanthophylls and other pigments 
cause a dark yellow pigmentanon of the skin and legs of poultry an 
the yolks of eggs (Watson 1939) Dark yellow yolks arc preferred 
by British house wi\ cs, but they like the skins of birds for roasting to 
be w'hite , this is another reason for not feeding grass to broilers w itn 
grazing pigs, occasionally the fat of the carcass is tinged yellow an 
soft fat is formed if excessive herbage mtake produces a slow growth 
rate (Eylcs and Alder, 1955) 

Occasionally grazing birds produce eggs with green yolks which are 
caused by the presence of chlorophyll (Worden et a \ , 1955) Th u 
occurs more often when birds fed unbalanced diets arc grazing luscious 
herbage m the spring (Davies 19s 1) but the complete explanation vs 
not yet understood A draw back to keeping laying birds on grassland 
is the high incidence of dirty eggs due to the mud earned on the feet of 
the birds This is particularly senous on clay soils in wet winters and 
when the birds arc at a high rate of stocking 


CONCLUSIONS ON CLASSES OF NON-RUMINANTS TO BE KEPT 
ON GRASSLAND 

For health reasons it is probabl) wise to rear and maintain non- 
ruminant breeding stock on grass all the year round Lactating sows 
and litters denve benefit from being out-of-doors on grass during the 
winter and summer However, with our present fund of knowledge 
it is possible to devise rations and buildings which will maintain both 
pigs and poultry indoors at a satisfactory level ofhealth and productivity 
It is possible that in future, economic factors will encourage the spread 
of such intensiv e systems of management for non-ruminant breeding 
stock. Herbage growth is negligible during winter and the nutritive 
value of autumn-saved growth is very poor for non ruminants F° r 
this reason, and others menuoned previously , there is no case for keep- 
mg other classes of non-ruminants on grass during the winter There 
is a good argument for growing pullets laying hens and pigs being 
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fattened for bacon, to be at grazing in spring and summer, because then 
they obtain tbe maximum benefit from herbage and from being out 
of doors. Chicks from a day old to 8 weeks of age, broilers from 
hatching to slaughter and weancrs being fattened for pork are best kept 
intensively. 


TYPES OF SWARD REQUIRED 

Research on pastures suitable for pigs and poultry has been conducted 
at the Grassland Research Institute, Hurley, England, and conclusions 
drawn from the results are summarized in the following paragraphs. 

Breeding stock require a persistent sward which is hard wearing 
especially during the winter when recovery is very slow. This type 
of sward is also needed on the pig or poultry farm of small acreage 
where pasture can quickly be destroyed by heavy stocking. 

On the other hand, growing pullets, laying hens, baconers and in- 
pig sows need abundant palatable nutritious herbage of low fibre 
content during the summer. In this type of pasture the aim is to 
maintain a high percentage of white clovers (wild white, Sioo and 
Ladino), red clovers (late flowering and broad) and lucerne. This is 
difficult because legumes are so palatable that they are quickly eaten 
out and the less palatable grasses arc encouraged by the high dressings 
of nitrogen-rich manure (Eyles and Cowhshaw, 1957 and Robinson, 
I 937I Eyles and Alder, 1955). Wild white clover and Sioo are rela- 
tively more persistent than Ladino and the red clovers, but the stolons 
of white clovers arc damaged by scratching. The white clovers arc 
valuable for both poultry and pigs, but tbe larger bulk produced by the 
red clovers and lucerne is better utilized by pigs. 

Because of their lcafincss the pasture-type grasses are more palatable 
than the hay-types. The former produce a closcly-knit turf which 
persists much better than the tufty open sward, produced by the hay- 
types, which is easily damaged by scratching and rooting (Eyles and 
Cowlishaw, 1957; Eyles and Alder, 1956). For both poultry and pig 
pastures S23 perennial ryegrass is the most persistent of all the strains. 
It is encouraged by frequent cutting and grazing, but because it is so 
aggressive it dominates the \\ bite clovers. Also it is not very palatable 
and it is susceptible to drought. S24 perennial ryegrass has similar 
disadvantages but is less persistent. Timothy (S48 and S50) is the 
most palatable of the grasses (also Ivins and Shaw, 19 so) and combines 
well with v. lute clover. S 50 is very resistant to poultry' grazing, v, Idle 
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S48 is fairly persistent under pig grazing All strains of cocksfoot 
produce open sssards sshich do not survive non-ruminant grazuig 
and become too coarse for poultry The meadow fescues are not ' 
palatable to non-ruminants and are not persistent under p° 7^ 
grazing, but for pigs S53 meadow fescue is next m persistency to <- 
ryegrasses Very persistent species under poultry grazing are $59 re 
fescue and tall fescue Unfortunately, both form tufty swards an are 
extremely unpalatable. 

Among the herbs, yarrow is very palatable to poultry and makes a 
remarkably quick recovery m the spring even after complete deio 
non m the winter (also Robinson, 1933) Pigs select chicory 111 
preference to grasses 

Free-range grazing is better than dose-folding because under the 
latter management the palatable species, particularly the legumes, 
receive severe defoliation and are unable to recover as quickly as 
their less palatable compentors When at free-range grazing the 
animals should be rotated around four areas grazing each for approxi- 
mately one week. Thus each area has a rest m which the foliage 
recovers from grazing and the roots replenish food reserves 
During the flush of growth excess herbage which cannot be grazed 
by non-ruminants must be removed by cutting or grazing with cattle 
and sheep, so that the non-ruminant is presented with young recov cry 
growth and a closely -lout turf is developed. Frequent gang mowing 
is best for poultry pastures because this encourages white dov er and the 
leafy grasses with prostrate or creeping growth habits (Eyles and 
Cowlishaw, 1957) Sheep select the legumes and young shoots 
leaving the mature herbage thus grazing with sheep alone should be 
for short periods at fairly high stocking rates follow ed by cutting of the 
old material and then a rest to allow recovery Mixed grazing of 
cattle and sheep encourages white clover while growth m excess of 
non-ruminant requirements is being utilized efficiently by ruminants 
Lucerne is particularly valuable for pigs in drought periods, but it i J 
killed by frequent cutting or grazing, therefore it should be given a 
long rest after grazing to allow the roots to accumulate food reserves 
before the foliage dies back in the autumn (Eyles and Dawes, 195$ 
Stocking rates should be kept low to allow non-ruminants plenty 
of herbage from which to select. They' cm be higher during periods 
of active growth than during the winter for it is then that most damage 
is done Dry frosty weather is not so detrimental as a wet winter 
During the summer, provided there is not a drought, a stocking of 
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leguminous matenal must be conserved When grazing, the anrnul 
is able to be selective and hence the material actually eaten has a much 
higher nutritive value than the herbage on offer, but with cut or pro- 
cessed herbage the animal cannot select, and the value of the matenal is 
subsequendy less than that of similar herbage winch lias been grazed 
m situ 

Cut green herbage The factors winch limit the consumption oi 
grazed herbage apply equally to the amount of cut green herbage 
which can be ingested by non-rununants On no account must the 
cut herbage be mixed with the meal ration, because the animals will 
not be able to eat sufficient herbage with the mash adhering to it to 
supply their meal requirements (Temperton and Dudley, 1943) 
unrestricted supply of herbage should be provided separately and it 
must be remembered that wastage tends to be lugh If birds cat 
excessive amounts of herbage, even if it is young elovery matenal, 
they develop crop-binding or sour crop Pigs fed cut green herbage 
m pens waste a lot of energy in eating and playmg with the herbage 
(Woodman and Evans 1943) In small quantities cut green herbage 
is valuable as a vitamin A supplement (Eyles and Cowhshaw, 1953) ^ ut 
it is of less value than herbage grazed m situ when used to replace large 
amounts of meal (Woodman and Evans, 1943) The excellent results 
obtained by Crowthcr and Heap (1941) when feeding cut grass to 
fattening pigs appear to be exceptional and not the normal experience 
Dried herbage The removal of water from herbage eliminates the 
limiting factor of bulk when feedmg large quantities The fibre con- 
tent now becomes the controlling influence 

Up to 5 per cent of dned grass can be included in chick rations with 
advantage, and up to 10 per cent can be included in the rations of 
laymg hens without detrimental effects (Mornson, 1949) However, 
Cowlishaw and Eyles (1958) have shown that when fed mashes con- 
taining 10 or 20 per cent of dned young clover, laymg birds ate less 
mash, produced less eggs, and made poorer live-weight gains, than 
birds fed mash containing no dned clover, although the levels of crude 
protein (19 6 per cent) and crude fibre (6 7 per cent) were the same 
m all rations This suggests that the dned clover made the rations 
y and less palatable so that the birds were unable to eat enough 
mas ^ to obtain sufficient nutrients for maximum production (Hainan, 

3° p er cent of the meal ration can be replaced by good-quality 
dned herbage m the ease of fattening pigs (Woodman and Evans, 1948&) 
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and sows (Thompson, 1937)- hi these cases the dried grass was supply- 
ing energy and protehi as well as vitamin A. 

increasing the amounts ofluceme meal m the ration is known to 
depress the growth of chicks and growing puUets (Heywang 
and of growing and fattening pigs (Bohman ct 1955). By 
ing the fibre and energy levels of the rations growth depression^ 
so marked (Hanson ct «/., r 9 55 ; Wilgus and Madsen, 1954). However 
lucerne does contahi a chick-growth inliib.tmg factor (Lepkovs^ct cl, 
1950), probably a saponin (Heywang and Bird 1954), 
whidi is counteracted by feeding cholesterol (Peterson 1950 • A 
factor in lucerne also depressed the growth of swme (Card ct al I955h 
In contrast feeding lucerne meal improved the breeding performance 

of sows in dry lot (Gatd, Terrill and Becker, 1955). . 

The main value of dried herbage in the rations of “ 

has been to supply carotene, which is not so quic y 0x1 “ 
mixed into rations as is preformed vitamin A in cod hver od (Temper 
ton, 1948). If young herbage is dried properly, S pet cent of freshly 
dried herbage should supply the vitamin A requirements of ah passes 
of pigs (Davidson, 195a) and poultry (Hainan, 194 )• OK VS 
be excluded from the dried grass, loss of carotene during storage can b 

-» -W; r 

consequently is more fibrous and is quite unsuitable for poultry and not 
generally recommended for pigs. Even best-qu ty uccrne aye 
not be relied upon to supply their vitamin A requirements (Heywang 
and Titus, 1932). Chopped leafy legume hay, however, is used occa- 
sionally in the United States for pigs, parncularly pregnant ows 
(Morion, 1949). The valuable leaf is easily lost in curing, but 
made well in bright sun not only does it contain carotene but a] 
appreciable quantities of irradiated ergosterol. Because it is mo 
fibrous, hay kn replace much less meal in the diet of pigs dian dried 

8r 1L, It is difficult to make good silage from young leguminous 
herbage and also die process destroys some of the nutrients and sura- 
mins." Offered good sUagc without stint, birds fed a full amount of a 
nutritionally complete meal had a slightly better egg pro uction t an 
those without silage, but some of the eggs were tainted by the sdag 
smell (Eylcs and Cowlishaw, 195C). Hens eating sdage may produce 
eggs with dark-coloured or greenish yolks (Gish er al, 1940). 
birds cannot consume large amounts of silage, dicrc ore very 
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saving in quantity of meal can be made, and they may not cat enough 
to supply their requirements for vitamin A (Olsson et al , I95 1 ) or or 
riboflavin (Clark et al , 1949) 

Although silage is of limited use to poultry pigs, especially in-pig 
sows (Terrill et al , 1953), will cat appreciable amounts of it provided 
that its fibre content is sufficiently low 

Herbage leaf-protein extracts In an attempt to make a protein con- 
centrate from pasture plants, juice was squeezed out of green macerate 
herbage, the precipitate formed by heating this juice was filtered oft, 
dried and ground (Pine, 1952, Tilley et al , 1954) The resultant dark 
green powder contained approximately 40 per cent of crude protein, 

10 per cent of soluble ash and below 2 per cent of fibre Thus to non- 
ruminants, fibre is not a limiting factor to the increased consumption 
of these extracts 

The complete replacement of fish meal by ‘leaf protein’ in practical 
rations for chicks (Hughes and Eyles, 1953), laying hens (CowhshaW 
and Eyles 1956), sudding piglets, weaners and lactating sows (Eyles, 
Tilley and Raymond, 1956) resulted in poor production even when 
quantities of minerals, vitamins and animal protein factors equal to 
those in fish meal were mcluded m the ‘leaf protein’ ration F°* 
growth in pullets leaf protein’ satisfactorily replaced fish meal If 
mcluded at high levels (28 per cent in chick rations, 19 per cent i» 
weaner rations) these crude extracts were definitely harmful, causing 
excessive pigmentation in chicks and scouring in pigs 
Extensive chick trials using the ‘Gross Protein Value’ technique 
have been conducted (Cowhshaw et al , 1956) to discover why these 
extracts had a poorer feeding value than was predicted from amino- 
acid analysis (Ellingcr, 1954) It has been confirmed that extracts 
obtained from lucerne contain a growth-inhibiting factor, probably 4 
saponin, which is counteracted by the addition of o 3 per cent of 
cholesterol to the ration (Cowhshaw et al , 1954) Water- washing of 
the extracts reduces the growth-inhibiting action This factor is not 
present in extracts of grasses or white clover so far tested The 
addition of lysine to rations containing leaf protein’ improves chick 
growth which suggests either that these extracts are deficient m 
lysme or that this amino-acid is unavailable 

When fed to rats the biological value of the protein m these extracts 
was higher than that in groundnut meal (Ellmger, 1954), but it had a 
lower digestibility A colourless cytoplasmic fraction had a higher 
digestibility than the crude extracts (Davies et al , 1952) When fed 
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to chicks, high ‘Gross Protein Values* were obtained with a cyto- 
plasmic fraction suggesting that the chloroplastic fraction present in 
crude extracts was of poor nutritive value (Cowlishaw ct a}., 1956). 
Faeces of both poultry and pigs fed on rations containing crude extracts 
are dark green, showing that die plant pigments remain undigested. 
Removal of these pigments and chlorophyll by solvent extraction 
using alcohol and acetone did not improve appreciably the ‘Gross 
Protein Value’. The pH at which precipitation is done and the 
methods of drying the resultant curd had no effect on die feeding value 
of the final products. Allowing die wet curd to ferment produces a 
material of very poor feeding value. 

Present knowledge indicates, therefore, diat crude leaf-protein 
extracts can only be used in practical rations as another vegetable 
protein concentrate to replace part but not all of the animal protein in 
the rations of non-ruminants. 


INTEGRATION OF POULTRY AND PIGS 
INTO GRASSLAND FARMING 

On the mixed farm of a moderate or large acreage there is a good 
opportunity to take full advantage of grassland for saving other feed- 
ing stuffs and for maintaining the health of non-ruminants. Pigs and 
poultry can be given free-range rotational grazing at a low rate of 
stocking and can be moved frequendy to uncontaminated land and 
need not be returned to the same area for years. "While grazing, they 
distribute their manure without loss of plant nutrients direct to the 
land, thus eliminating the labour of carting manure, and at the same 
time increasing herbage production which can be efficiently utilized 
by sheep and catde. This grazing helps to maintain the swards in a 
young stage of growth with plenty of clover for non-ruminant grazing. 
A useful three-year ley for poultry is one containing S50 timothy, 
yarrow and white clover, and for pig grazing a suitable three-year Icy 
would consist of white clovers, chicory and S48 thnodiy. Bodi of 
these swards would also be valuable for ruminants. Swards of peren- 
nial ryegrass (Sa3 or S24) or of meadow fescue (S53 or S215) with 
white clovers, winch are useful as thrcc-year leys for sheep and catde, 
can also be utilized for non-ruminants. Luccme/me adow fescue stands 
and one-year leys of red or white elovets can be cut for conservation 
or grazed occasionally by ruminants, as well as being valuable grazing 
for poultry and pigs. The scratching and manuring of poultry 


375 



Ammal Health, Production and Pasture 

improves old pastures and pigs are useful for reclamation of derelict 
grassland and scrub. 

Elaborate permanent housing is not required for non-rununants 
kept on grassland, but on the other hand labour costs for feeding an 
moving of houses are often increased. Labour can be reduced by 
feeding pelleted rations direct on to the sward and this also prevents the 
losses incurred when meals are fed in the field. Self-feed hoppers are 
labour-saving but the animals eat excessively and no saving of con- 
centrates can be made , they must be encouraged to graze by keeping 
the hoppers closed during the morning. Paraffin, which must generally 
be used in the fields, is not so convenient or so safe as electricity fo r 
lighting (egg production) and heating (brooding of chicks and piglets). 
The supply of water, particularly m frosty weather, is a problem. 
Permanent fencing is expensive although this can be reduced by using 
electric fencing for pigs, and sheep fencing for poultry if the feathers 
on one wing are kept clipped to prevent flight. 

During summer less labour is used if non-rununants arc allowed to 
graze herbage m situ as compared with green-soiling it or conserving 
it and feeding the product indoors In addition, reciprocating 
mowers, and most loaders used for hay and silage making, arc unable 
to deal with the very short material which is required The herbage 
must be cut by a machine fitted with helical-blade mowers and then 
the herbage sucked into a trailer Large quantities of water have to 
be handled and the cost of drying succulent herbage is high The 
produenon of dried grass used to be justified as it was the most reliable 
source of vitamin A for non-mminants kept mdoors, but with the 
advent of cheap synthetic powders containing stabilized vitamin A, 
tbis is no longer the case. 

A distinct problem occurs on the specialized poultry and pig farms 
of small acreage. Here rotational grazing must be practised to allow 
the sward to recover and to keep it free from disease. To reduce the 
stocking rates, chicks, growing pullets, laying hens and fattening p»g s 
must be kept mdoors and only breeding stock allowed to graze on 
hard- wearing swards of Sz3 perennial ryegrass and wild white clover. 
Alternative seeds mixtures would be for poultry S50 timothy, yarrow 
and wild white dov cr and for pigs S53 meadow fescue plus wild white 
clover. Permanent pastures with matted turf arc resistant to poultry 
an pigs and arc often improved by the scratching and manuring. 

c last y car of a Icy' before ploughing is perhaps the best sw ard to use 
for non-ruminant grazing bixausc in this case it docs not matter if 


37<» 



Non-Ruminants 


extensive rooting and scratching occurs. Purchased dried grass, if 
cheap relative to other feeding stuffs, could be used in large quantities 
in the rations of bacon pigs and in small quantities to supply vitamin A 
in all rations fed to stock kept indoors. 


TURKEYS 

Before the introduction of efficient drugs for the prevention and 
cure of blackhead, coccidiosis, bacillary white diarrhoea and internal 
parasites, intensive methods for brooding, rearing and fattening turkeys 
were developed because of the liigh mortality caused by these diseases 
when birds were run on contaminated land. Probably it is best to 
rear away from the soil until ten weeks of age and then offer grazing 
on clean land. Turkeys are natural grazers, and Margolf (1952) 
reported that they select Ladino white clover in preference to grasses 
to such an extent that it was killed out after only one year. 

Turkey poults older than ten weeks can thrive on high-fibre rations 
(15 per cent crude fibre). To obtain their energy requirements, larger 
amounts are eaten than with low-fibre rations (Dymsza et <?/., 1955). 
Thirty-five per cent of good-quality alfalfa meal has been fed to grow- 
ing poults without adverse effects on growth or feed conversion 
(Alder, 1946), and pelleting of these high-fibre rations enables the birds 
to increase consumption and so obtain sufficient energy (Slinger ef ah, 
I949)* Probably good grazing can be used to save appreciable quan- 
tities of meal. "When grazing, herbage supplies their requirements for 
vitamin A, and the protein level of the mash can be lowered to 10 per 
cent of crude protein without adverse effects on growth. Cereals 
and minerals plus good clover pasture produced satisfactory growth 
and food conversion (Margolf, 1952). Breeding turkeys should be 
given free range grazing on young pasture growing on clean land, be- 
cause ingestion of herbage improves the hatchability of eggs (Slinger 
et <tf., 1954). 


GEESE 

During the first six weeks of life goslings must be fed mash and grain, 
but after that age tlicy make good growth solely by grazing young 
summer herbage (Wright and Dudley, 1942). However, during 
winter when grass is fibrous and of low nutritive value mash must be 
fed (Howes, 1943)- Gosling broilers reared in confinement up to 
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14 weeks of age made better growth and were of superior quality 
compared with those grazing pasture, but the latter both consumed less 
mash, and made more efficient use of it (Snyder et al , 1953) Grazing 
should be supplemented with gram and possibly mash during the laying 
period 
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to quantity but the best way is only to turn them, into it the first day about 
noon, when the dew is off, and in a dry day, for about half an hour, the next 
day for an hour, the third day for two, and then for three or four days put 
them in as soon as the dew is off the ground, and let them stay in till four or 
five in the afternoon, and after that there will be no danger especially if 'tis 
not too wet weather. If 'tis, be the longer before you let them stay in all 
night. However 'tis better for any other cattle than Milch Cows. But 
some sow Trefoil or Ray-grass with their clover; which very much prevents 
it doing injury to cattle; and as 'tis a grass that grows very upright, it shoots 
through the branches of the spreading clover, and makes the crop much 
better. 

These views have been largely held by farmers up to the present 
day. They have not been fully refuted or proved largely on account 
of the sporadic nature of the ailment and the difficulty in producing it 
under experimental conditions. 

In a country such as New Zealand where animals are at pasture all 
the year round, and where the farmer is dependent on the clovers in 
liis sward for his source of nitrogen, bloat is the major scourge of the 
dairy industry. In the two dairying seasons 1953-5 the losses due to 
deaths alone amounted to ;£ 500,000. The number of cows dying 
from bloat is by no means a measure of the full economic loss. It 
takes no account of the loss of milk production both from animals 
which die and those that recover. Besides the loss of production 
during bloating, lactation after recovery is often curtailed or even 
terminated. The physical and mental strain on a farmer and his family 
has to be seen to be appreciated. Bloat may prevent a farmer carry- 
ing out his normal duties, upset his grazing rotation, and force him to 
use up reserves of hay and silage. It may also make the farmer reluc- 
tant to use clovers in his seeds mixture, which must lead to a reduction 
of fertility. 

Bloat is a confusing entity, much more complex than has been gener- 
ally realized, in which both plant and animal factors play a part. 
Interest in the problem has increased markedly over the past few years 
and the major part of the more recent work has been covered in 
reviews by Dougherty (1953)* Cole ce al. (1956), Johns (1956) and 
(1958). Cole and Boda (i960). 

TYPES OF BLOAT 

Bloat lias in the past been frequently classified as either * foaming 'or 
‘frec-gas’ type. The difficulty lies in determining whether foaming 
> 3 + 385 
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is present or absent It u believed by the author that many P C0 P c 
have considered bloat to be of the non-foaming type if free S* 5 15 
present in the rumen dorsal sac However, even in foaming boa 
there always appears to be a gas pocket present winch may vary m 
size according to the stability of the foam and progression of the con- 
dition (see also Coda et al , 1956) In studies earned out at this labora- 
tory (Plant Chemistry Division, D S I Ik , Palmerston North, N Z) 
no bloat has been encountered which is not prevented or relieved y 
anti-foaming agents Hence it would appear to be wise to avoid c 
classification of bloat on the presence or absence of foaming as a cn 
tenon 

Cole et al (1956) have suggested that bloat should be divided into 
three types, chrome, sub-acute and acute, and points out that * chronic 
means a condition that is lingering, one winch is inveterate, of long 
continuance or progressing slowly, as distinct from an acute disease 
which speedily terminates Chronic bloat, which will not be the 
subject of this chapter, can be due to a wide vancty of causes, such as 
an obstruction of the oesophagus, peritonitis, enlarged mediastinal 
glands, paralysis of the rumen-reticular musculature, anaphylactic 
shock, hypocalcacmia, or dwarfism 
Pasture bloat is definitely not chrome, bemg characterized by a 
rapidity of onset and speedy recovery, hence it may be termed acute 
Sub-acute bloat, as a division of the acute type, is used to describe the 
milder state which has not progressed to the stage where marked dis- 
comfort, as evidenced by frequent urination, dcfaccation, bellowing 
and staggering, is manifest. Acute bloat in which these signs arc 
manifest may only be a later stage of the sub-acute state making such a 
division into two stages unwarranted On the other hand there may 
well be two stages in the development of the condition, 1 c 

W of thc rum en contents may cause a retention of gas m 

(2) A, distension progresses a critical pressure may be reached which 
interferes with the eructation reflex itself and causes the mote 
distressing form of the ailment 


WOI H 15 nece ssary to elucidate these points 
ration of bl ° at j V™* 1 15 cx Penenced chiefly m the U S A on: 
contents and * 1 *** “PP 631 * to be due to foaming of the rum« 

ze&seszz? suWi “ bi °« u 
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The contribution that possible animal and plant factors make to the 
state of the bloated animal are discussed separately below. 

ANIMAL FACTORS 

It is well known that certain animals in a herd of cattle are more 
susceptible to bloat than others. It has been widely held that it is the 
high producers and greedy eaters that are the bloat-prone animals. 
However, Johns (1954) showed that the tendency to bloat bore no 
relationship to the rate of food intake nor to the amount eaten. In 
fact bloated animals had on the average a lower intake than the non- 
bloated, which was also observed by Hancock (1954) and Lindahl et al. 
(1957)* It appears that the predisposition to bloat is an inherited 
characteristic (Knapp et ah, 1943; Hancock, 1953; Johns, 1954)- 
However, the difference between susceptible and non-susceptible 
animals is not absolute but a matter of degree. When bloating con- 
ditions are severe enough the whole herd can be affected. Moreover 
the susceptibility of particular animals does not necessarily remain 
constant. During a feeding period of several months it has been found 
at this laboratory that some pairs of identical twins may be prone to 
bloat while others are not. At some stage non-susceptible twins may 
become susceptible to bloat and vice versa , the members of the twin 
pair behaving similarly. Hence the basis for the hereditary differences 
between animals would appear to be due to an effect on the state of 
the rumen or condition of the animal rather than to any anatomical 
difference (Johns, 1958; Mendel et al., i960). 

There are a number of factors which can influence the state of the 
animal which will be considered below. 

GAS PRODUCTION IN THE RUMEN 

The most obvious conclusion that one reaches in observing a bloated 
animal is that the beast is producing more gas in its rumen than it 
can eliminate by belching. There appear to be two possible reasons 
for this: (1) either there is excessive gas production in the bloat-prone 
animal, or (2) the produced gas is trapped and is not in a form that can 
be eliminated by eructation. 

(1) The theory of excessive gas production was widely accepted 
until comparatively recently (Quin, 1943). However, the finding 
that ruminal gas production can be as high on non-bloating as on 
bloating rations (Cole et at., 1942) and the fact that if no other 
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complicating factor is present the animal has no difficulty in gcttingn 
of all the gas that could be formed m its rumen (Quin, 1943 » 
et al , 1945), led to the belief that rate of gas production per se \sas 
of major importance in the aetiology of bloat The present au 
argued that as the amount of gas formed by fermentation m the ru 
is roughly proportional to the amount of herbage ingested, an 35 
was found by Johns (1954) that the dry-matter intake of severely 
bloated animals was on the average less than that of milder c^scS' 
bloated animals would be expected to be producing less gas by * crn ^f c 
tation than the non-bloaters However, this reasoning did not 
into account the fact that animals on the same diet can have rumen 
contents with differing microbial populations (Oxford, 1955 » ^ 0 * 
R. J , personal communication) Hungatc, et al (i955) found in 1 
canons by an tn vitro technique that more gas was produced, t 
feeding from the ingesta of bloating cows than from non-bloating 
animals The present author, using an m vitro technique, found 3 
the rumen contents obtained from twin animals on the same feed can 
ferment the similar added substitutes at markedly different rates 
seems likely that the greater the rate of gas production by a particular 
microbial population the more severe will be the bloat condition 
there is an interference with the process of gas elimination. 

(2) Primarily as a result of the studies in South Africa (Quin, 1943 • 
Clark, 1948, 1950a, Wens, 1953a) the fact that frothy bloat docs occur 
is widely accepted "Whether it is the only type of pasture bloat is an 
open question In several years’ work at our laboratory we have not 
experienced bloat which will not respond to andfoaming agents 
Hence it appears that at least a major cause of the ailment is the trap- 
ping of gas m a foam There always appears to be some free gas 
present The stability of the foam and rate of gas production will no 
doubt determine how much is retamed within the ingesta and how 
much escapes to form a free gas pocket 

Kleiber (see Cole et al , 1956) has dealt fully with the sources of 
rumen gases which are principally carbon dioxide (COj) and methane 
These are produced in Urge quantities by the anaerobic fermentation of 
ingested food concurrently with the formation of large amounts of the 
lower volatile fatty acids The continuous secretion of saliva (60 
litres per day for a cow Cohn, 1886) high m bicarbonate also provides 
a not inconsiderable source of CO a m the rumen Kleiber has cal- 
culated that each litre of saliva at pH 8 2 entering the rumen in which 
the contents arc at pH 5 7 releases approximately 2 litres of CO 2 
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Hence if the figure of < 5 o litres of saliva per day is accepted (see below) 
the total CO 2 from saliva would be approximately 120 litres per day 
at a rumen pH of 5*7. 

From the point of view of bloat it is probably the rate of release of 
gas within the first hour that is important. Animals in our laboratory 
frequently show a pH change from 7-4. to 6*3 or lower within the first 
hour after the start of feeding on red clover and may go as low as 
pH 5*6 in the next hour. Hence a fermentation which is rapid will, 
besides contributing directly by the gas formed, also release more 
CO 2 from the rumen contents by a rapid increase in acidity. 

SALIVA 

As mentioned above mixed bovine saliva is high in bicarbonate, 
Reid and Huffman (1949) also pointed out that it must contain a 
potent surface active agent as its surface tension is in the range of 45-9 
dynes per cm. when compared with water, the value of which is given 
as 73 dynes per cm. It would consequently be expected to be a good 
foaming agent. Mangan (1959) has found that the mucoprotein of 
saliva aspirated from under the tongue will form a very stable foam. 

Clark and Weiss (19520) demonstrated the existence of a salivary 
reflex initiated by stimulation of the epithelium of the forestomachs. 
Weiss (19530) believed that bloat in sheep on succulent feed was 
caused by frothing of the thick viscous rumen ingesta insufficiently 
diluted with saliva to allow the gas bubbles to rise to the surface. 
When mature stalky lucerne was given, the increased saliva flow caused 
die rumen ingesta to revert to a watery consistency. Hence Weiss 
suggested that bloat was due not to a lack of stimulation of belching (see 
below) in the absence of coarse fibre, but to a lack of stimulation of 
salivary secretion. In support of the theory that the dilution effect is 
important Mendel (rg6o) has shown that ‘bloaters' have a lowered 
salivary rate both during rest and during the ingestion of feed. 

There is no doubt that the amount of saliva secreted is related to the 
condition of the food as Balch (1958) has shown that for 10 lb. of food, 
a cow secretes 45-55 lb. of saliva when fed hay, 12-15 lb. with ground 
concentrates and 7*5-10 lb. with grass. However, it is difficult to 
reconcile Weiss' theory of lack of salivary secretion with the fact that 
bloat has been produced on hay (Johns, 1954) and by a number of 
workers by drenching with legume juice. 

Iu considering the role of saliva, neither by previous workers nor in 
the discussion above has account been taken of the fact that there are at 
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least four components of mixed saliva with very different properties 
(Phillipson and Mangan, 1959} 


(1) The parotid secretion is continuous and watery, high in bicar- 
bonate (o iM) and buffering power The parotid flow is 
reflexly increased by feeding 

(a) The sub maxillary glands secrete only during die taking of food 
This saliva is viscous, much lower in bicarbonate ( 01M) 2nd 
buffering power than the parotid, and contains a considerable 
amount of muco-protcin with strong foaming properties 
(Mangan, 1959) 

(3} A third salivary secretion, the sublingual, appears to combine 
the properties of the two mentioned above, being high in protein 
and in bicarbonate 

(4) The residual secretions from the buccal glands make a further 
contribution of unknown quantity 


Theoretically a large secretion of saliva could, according to its com- 
position, increase bloat seventy by adding to the C 0 2 evolved and by 
assisting in foam formation 

Inflation of the rumen of anaesthetized sheep and calves increases 
salivary flow (Philhpson and Reid, 1958) The results from sheep ate 
snore wn.Me than those from calves Parotid sccretton is augmented 

muchTT VJry “c 10 10 20 nml thc “’crease >«y be 23 
much as 8 tunes the resting value A fivefold increase m the sob- 

JZZfl ““'“o'™ obtained in one calf Inhibition of the aug- 
VanabihtvT USU * ^ t l ccuts when tbc pressure is further increased 
snmlTe saW was found m the pressure needed to 
inhibition TI, ° n (r al “ 1 t lc pt«sure needed to produce subsequent 
S i *»«* «° ‘J'P'nd on whether or not gas or 

rumen t ° f *' ““ophagus Distension of the 

Xanon LiS » fed at the carcha, is mhib.tory to 

salivation (Knytd^Xpson'rSS^ 

respom e trSm™ T* “ »“ “ creased saliva flow m 

contributed from ^ ressurc w hen mildly bloated, the extra CO z 
the bloat will be Severn or nS'' 1 ’ tJln “ “ detcImln “8 whether 
calf that the amount of Co F ° r “ was folm<1 m a 5-™onths-oltl 

was much less at hieh th ‘ nc ‘ :c ^Y to raise the pressure 10 mm Hg 
“ s “ 111811 than « low pressures as shown below 
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Pressure increase 
in rumen 
in mm. Hg. 

Volume of C 0 8 
required in litres 

2-5-10 

20’8 

10-20 

4-8 

20-30 

2*7 

30-40 

2*2 


Lindahl et a!. (1957) rated animals for degree of bloat and took direct 
pressure readings from fistulated animals. According to their scale a 
pressure reading of 10-15 mm. represented slight bloat; 25-35 mm., 
moderate; 45+ mm., severe bloat. Hence at a pressure of 20 mm. 
(slight to moderate bloat) where a markedly increased saliva flow can 
occur in some animals, a source of gas additional to that being formed 
by bacterial fermentation could be serious. 

The role of saliva in bloat, particularly with regard to animal 
individuality and the development of the fatal condition, appears to 
merit further investigation. 

MICROBIOLOGICAL FACTORS AND SLIME PRODUCTION 
It was pointed out in the section on gas production that it is possible 
for animals on the same diet to have differing microbial populations in 
their rumens. However, as yet it has not been possible to demonstrate 
convincingly a difference in the types or numbers of organisms between 
bloating and non-bloating animals that can be regarded as being 
responsible for the production of bloat. Mah and Hungate (1960) 
reported that the ingesta of bloating animals contained greater num- 
bers of protozoa belonging to the genus Ophryoscole x than the ingesta 
of non-bloating animals. However, the numbers reported as being 
present were low. Bryant et al . (i960) found in animals pastured on 
ladino clover, that the anaerobic bacterial counts were high, the 
proportions of cellulolytic bacteria were very low, the proportions of 
die genus Butyrmbno were high and those of the genus Lachnospira were 
unusually high. There were, however, no significant quantitative or 
qualitative differences between die rumen micro-organisms cultured 
from bloating and non-bloating animals. 

An hypothesis involving a change in the nature of the ingesta to 
explain at least in part the cause of frothy bloat has been advanced by 
Hungate el al. (1955) for legume bloat and by Jacobson and Lindahl 
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(1955) for ‘fad lot’ bloat Hungatc cl ai (1955) m considering the 

differences in properties of the rumeningesta from bloaters an n 
bloaters’ on the same food, thought it questionable whether these Co 
be explained by differences in the rate of fermentation of plant mate 
or of released foaming agents He advanced the idea that the rum 
contents of regular ‘bloaters’ contained a higher proportion of s me 
producing micro-organisms This microbial slime could contn u c 
to the formation of a stable foam. A similar hypothesis was put or 
ward by Jacobson and Lindahl (1955) for ‘feed lot’ bloat, where ® 
adaptation to the bloating condition may take many weeks on the s ** n1 ^ 
food This adaptation was shown to be accompanied by a g ra 
mcreasc in the number of slime-producing organisms present in 


rumen (Jacobson et a \ , 1957) 

Gutierrez et al (1959) suggested that the increased numbers of slime- 
producing Streptococcus bovis and Peptostreptococcus elsdemi producing a 
filamentous mat in animals bloated on the ‘feed lot’ type of ration 
might be involved in the production of a stable foam. Bailey (*95 9) 
found the concentration of polysaccharides in cell-free rumen liquor 
from cows feeding on red clover to be low and similar in bloating an 
non-bloating animals The concentration of capsular polysaccharides 
in the centrifuged solids showed no correlation with bloating Dcx- 
tran might have been expected to be present, since the level of sucrose 
in the herbage, 2 5-3 5 per cent dry weight (Bailey, 1958) and the 
presence of Streptococcus bovis in the rumen favoured its formation 
(Bailey and Oxford, 1958) It was not found, however, though it 
may have occurred transiently before being broken down by dex- 
tranase-seciedng strains of Lactobacillus bijidus found to be present 
(Bailey and Clarke, 1959) 

Though it appears that bacterial polysaccharides have not been proven 
to be responsible for foam formation in pasture bloat, the fact remains 
that there is a difference in the physical properties of rumen contents o 
bloating and non-bloating anunals The responsible agent or agents 
have yet to be found. 


ERUCTATION MECHANISM 

The eructation of gas produced in the rumen from femientauon 
and from the bicarbonate of saliva is of necessity a complex act on 
account of the anatomy of the organs concerned The gas collects as 
a pocket in the dorsal rumen at a point rather higher than the cardtf, 
the entrance to the oesophagus The cardu is in fact normally below 
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the level of ingesta. Eructation, has therefore to be a co-ordinated 
process involving activity of the reticulum, rumen and oesophagus. 
This results in the clearing of the cardia of ingesta, the bringing of the 
gas bubble forwards and downwards, and the opening of the cardia at 
the appropriate time to allow the passage of gas into the oesophagus. 
The sequence of events in eructation is covered in detail by Dr A. T. 
Phdlipson in Chapter 7. 

In the past it was considered that tire belching reflex was similar to 
the regurgitation reflex and the stimulus was the scratching of the 
stomach wall by roughage (Cole et al ., 1942). However, it is clear 
from more recent work that two very different reflexes are involved. 
The stimulus initiating the eructation reflex is now generally believed 
to be stretching of the stomach wall (Weiss, 1953 k; Iggo, 1955, 1956; 
Williams, 1955). Weiss (1953k) found that during insufflation experi- 
ments under a given set of conditions eructation efficiency was propor- 
tional to intra-ruminal pressure. Johns (1954) found that with increas- 
ing pressure during the onset of bloat on clover, when according to 
the theory of Cole et al. (1942) there is insufficient roughage, frequency 
of eructation increased rather than decreased. 

Dougherty and his co-workers (1955), who were the first to demon- 
strate the action of three oesophageal sphincters, consider that there are 
receptors involved which can distinguish between gas pressure, which 
stimulates the opening of the cranial oesophageal sphincter, and fluid or 
foam pressure which does not. This offers an explanation why foam 
is not belched out except in extremis, as it appears to elicit the same 
response as liquid. In the early stages of legume bloat it does not seem 
that the eructation reflex is impaired; if anything, the belching rate 
is increased (Johns, 1954; Hancock, 1954). The higher pressures of 
acute bloat may inhibit eructation. 


PSYCHOLOGICAL CONDITION 

Weiss (i953k) pointed out that the psychological condition of the 
animal may play an important part in the pathogenesis of bloat. He 
saw bloat occurring in a herd coincidental with the changc-ovcr from 
hand to machine milking. Reid (personal communication) witnessed 
cases where a herd of cows, which had experienced bloat in a particular 
field, bloated while being driven to that area. It appears that nervous- 
ness may occasionally be a factor in proneness to bloat. 
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PLANT FACTORS 

The chemical make-up of plants in bloat production is obviously 
important Chemical factors will affect the rate of gas production 
from fermented plant material The effect of the physical state o t c 
fodder has already been discussed 

There have been a number of theories concerning bloat, where it 
was beheved that toxic factors in the plant material, or produced from 
plant material by bacterial fermentation, inhibited rumen movement 
or the eructation mechanism or caused systemic poisoning 
factors incriminated at various times have been the cyanogenenc 
glucosides of white clover, saponms, histamine, antichohnc esterases, 
smooth-muscle inhibiting flavones, nitrates, ammonia, ammonium 
carbonate, hydrogen sulphide, alkalinity and lack of fibre However, 
Wester (1935) noted that there is hypermotihty in the early stages o 
acute bloat rather than inhibition of movement Weiss (i 953 ®J» 
Johns (1954) and Lindahl et al (1957) have confirmed that in animals 
examined with bloat, the rumen was m active movement It was 
difficult to determine whether the strength of the movements was m 
any way reduced Recent work at this laboratory would indicate 
that there is no reduction m the strength of rumen movements at least 
m mild bloat 

The results of a number of workers show clearly that the primary 
cause of the majority of cases of bloat is not an inhibition of rumen 
motility per sc but rather the retention of a greater part of gas within 
the rumen ingesta 

Acute bloat has been produced by the oral or mtrarummal adminis- 
trauon of pressed juice from legumes and attempts have been made to 
correlate the foaming capacity of legume juice with its bloating 
potential For instance, Ferguson and Terry (1955) found that the 
frothing capacity of juice from fresh lucerne expressed from a triple 
roller null gave a fair indication of its bloating potential However, 
Mangan and Johns (1957) found no significant differences between the 
foaming properties of macerates prepared from herbage of widely 
differing bloat-mduang potencies 

As outlined by Johns (1956) the type of foam present in the rumen is 
of the surface viscous type, of which protein and saponin foams arc 
typical examples These arc incompatible with non-viscous foams 
formed by soaps and detergents 

McCandlish (1937) was the first to suggest that plant saponms vs ere 
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a .contributing factor in bloat, while Johns (1954) has suggested that 
proteins could be important from the point of view of their foaming 
properties. The following sections consider each in turn. 

SAPONINS 

Jacobson (1919) fed so-called ‘saponin’ to an animal in an unsuccess- 
ful attempt to produce bloat. Lindahl ct al. (1954) appear to be the 
first to have produced bloat by dosing a saponin isolated from a pasture 
legume. In this case the mixed saponins dosed to sheep were isolated 
from lucerne by workers at the W cstem Regional Research Laboratory, 
United States Department of Agriculture, California, who have carried 
out extensive work on these plant constituents. It appears doubtful 
whether the condition resulting from the dosing of saponins is similar 
to that obtained during legume bloat. In cases where death occurred 
post mortem examination has indicated that death was associated with an 
intense submucocosal and sub serosal haemorrhagic condition of the 
gastro-intestinal tract. Such lesions are not obvious in deaths from 
pasture bloat. 

The work of McClay and Thompson (see Cole et al., 19.56) in analys- 
ing various forages for saponin content does indicate that there is 
possibly a correlation between the saponin content of a species and its 
ability to produce bloat. By contrast Barrentine (i960) found no 
relationship between the saponin content and the bloat potential of 
ladino clover, crimson clover, hop clover, alfalfa or lespedeza. One 
of the present limitations in testing the role of saponins is that there 
is no simple method available of measuring the level of saponin in 
the herbage in order to determine its day-to-day correlations with 
bloat. 

Mangan (1957) has determined the pH optima for maximum foam 
stability for several compounds including a saponin fraction from red 
clover and a sample of lucerne saponin kindly supplied by Dr C. R. 
Thompson of the Western Regional Laboratory. For both of these, 
the optimum is in the region of pH 4*5-5- There was very little foam 
stability at pH 6 which is the pH optimum for maximum foam stability 
of rumen contents from bloating cows (Mangan, 1957). On tins 
evidence it would not appear likely that saponin plays much part in 
producing foam in the rumen. In die saponin drenching of Lindahl 
et al. (1954) it was considered tliat the distension was caused by the 
presence of free-gas rather than froth. When the foaming capacity of 
legume extracts was compared with that of purified lucerne saponin 
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(Mangan, 1937} the result showed that we would have to postulate 
an absurdly high plant saponin content to account for the foaming 
properties of the extracts However, as the saponin was prepared 
from dried lucerne it may be that the saponms used had lost foaming 
capacity in the isolation procedure (sec Mangan and Johns, 1957 ) 
Obviously more work is needed on the saponms before their role is 
elucidated 


PROTEIN 

It was postulated by Johns (1954) that protein or its degradation 
P r j ,!i cts co . u ^ pky a P art m foam production in bloat Ferguson 
and Terry (1955) have pointed out that bloat can develop in 15-20 
min after the commencement of grazing and the bloat-provoking 
pmraplc must therefore diffuse out of the plant matctul rapidly 
These authors go on to say that it is doubtful if much of the ingested 
protein would be released Grom unchcwcd tissues within this tune 
However, enough docs escape rapidly into the rumen to form a stable 
T“ t 1 “ 8 “ M<1 R « d ' unpublished results) In results 

wWWetli "“7 (M “«“ " «!>») * bas been found that 

l S ^ a0n ,°r f , pr0tcm m thc mmcn “ "dnhited by doling 
M° 1UUC Pr °““ «■> nse from J mg to 

animal feccT ^ P cr 100 ml m one hour Even m an untreated 
^.mal fceduig ou ted clover the nse was from 3 p nig N before 

tnent of N P '/ 100 11,1 m onc hour after the commcncc- 

STfoe rXf ^ ( ‘ 959 > fo “nd that m the presence of 

protein N p« ™ Sfc Pr ° tCm “ > concentranonrf ao mg 
stability at oH 6 n ,1 a * er Y “able foam with a maximum 

parallels the chan ^ ^ ^ Poamul S potential of rumen liquor 

infrequent in the United K^T* 8 SP T 1 8 ™* b S h m P rotem 15 not 
mentally m New Zealand 8,l0m ™ d haS bcal P r °duced expen- 

after folding ares^chtfot T” ' UIIlcn ™d P'°tem concentration 
non of aTtfble fo ^ Pknt ^ C ° M & a partin iheproduc- 

anti-foaming agents 

found that the antibiouTw^ m preventing bloat it was 

me antibiotic had a profound effect on the foarnmg proper* 
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ties of rumen contents (Mangan et al f 1 959). The foam expansions 
and foam stabilities of the crude rumen liquor from a penicillin- 
treated cow were found to be very low compared with those of the 
control animal. This was in spite of the fact that the treated animal’s 
rumen, liquor had a very high soluble-protein content. By contrast 
the centrifuged rumen contents from the treated cow showed a very 
high foam strength. This very great increase in strength of the foam 
produced from the centrifuged rumen liquor of the penicillin-treated 
animal (in agreement with the high soluble-protein content) as com- 
pared with the strength of foam from the crude liquor, indicated that 
a strong anti-foaming agent was present and was removable by 
centrifuging. It had been postulated (Mangan, 1957) that the plant 
chloroplasts, with their envelope of lipid, have anti-foaming properties 
and that the results obtained in centrifuging rumen contents is due to 
their removal from the liquor. If the foaming properties of the rumen 
liquor had been due to any capsulated slime-producing bacteria 
as discussed above, centrifuging should presumably have reduced 
the foaming properties of the rumen liquor. It appears possible 
that the degree of foamincss of rumen ingesta is in part at least 
determined by the particular ratio of foaming to anti-foaming agents 
present. 

OTHER CHEMICAL COMPOUNDS 

Conrad et al. (1958) found that washed lucerne fibre produced in 
vitro on an average three times the amount of gas obtained with an 
equal weight of lucerne juice. They claim that the plant substances 
responsible for the initial rapid gas production obtained with green 
lucerne arc closely associated with the fibre fraction and are removed 
by extraction with hot water. From their experimental results they 
believe that the stable foam found in pasture bloat is due to the com- 
bined effects of the physical structure of lucerne fibre, pectic substances 
of lucerne, galacturonic acid obtained by the hydrolysis of pectic 
substances and reducing sugars. A possible weakness of the in vitro 
work of Conrad et al. is that the rumen ingesta used was from animals 
fed on grain and hay. This diet may well have produced a rumen 
microbial population more favourably disposed to the digestion of 
fibre and starch rather than die soluble constituents of lucerne juice. 

In contrast to the opinion of Quin (1943) and of Rosen et al. (1956), 
studies by Mangan and Johns (1957) failed to show a correlation 
between either soluble sugars or organic acids and bloat. 
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GENERAL REMARKS 

The correlation, between the production of bloat-prone pastures an 
weather conditions is claimed to be very marked in some districts 
However, the theories as to the type of weather involved are many 
and varied In the controlled experiments of Johns (1954) n0 particular 
condition could be consistently blamed for the production of bloaty 
red clover A considerable amount of work smee that time has not 
altered this conclusion Troughton (1955) in grazing trials on white 
clover found no correlation between maximum and minimum tem- 
peratures, rainfall, s unshine or humidity, and the quantity of bloat 
produced per day 

Both fertilizer treatment and soil-mineral deficiency have been 
claimed to mduce bloat It is difficult to determine, however, whether 
the treatment has influenced the chemical composition of the plant, or 
whether, by making conditions more suitable for growth, it has 
altered the balance of species in the pasture association 
It appears likely that the climatic and sod factors necessary for the 
development of bloating potential in clover will be determined only 
when the substances present in plants responsible for bloat production 
can be estimated 

CONCLUSIONS ON THE CAUSE OF BLOAT 

The evidence obtained from research work on pasture bloat as out- 
lined above, particularly over the last few years, indicates that the 
primary cause of legume bloat is a retention of gas in the frothy 
rumen mgesta Moreoyer, most workers are agreed that the problem 
is a complex one in which bath plant and animal factors are involved. 
The term animal factors’ is intended to include the rumen micro- 
organisms 

Many of the difficulties encountered in work to date in attempts to 
unravel the complex interactions that result in the state known as 
bloat are probably due to the fadure to recognize the importance of 
the condition of both the plant and the animal It is coming to be 
recognized that animals on the same diet need not necessarily have the 
same rumen flora and fauna and that the animal itself can in some way 
influence to some extent the numbers of organisms that proliferate in 
its intestines 

For bloat to occur we believe that the rumen must be m a suitable 
con non. There must be a vigorous fermentation to produce g»J» 
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and fatty adds, which lower the pH of the rumen contents, with a con- 
sequent additional gas production from the bicarbonate of saliva. 
There is the concurrent release of foaming constituents together with 
anti-foaming agents. It is apparent that the concentration of these 
components in the plant, their relative rate of release into the rumen, 
and the rate of modification by microbial action will all be of some 
importance. 

After the animal has bloated to a certain stage, belching often ceases 
and hence a secondary effect due to pressure or toxic factor may be 
taking over. In very severe bloat the release of gas from the foam by 
dosing with anti-foaming agents does not always mean that the 
animal can eructate as at an earlier stage. Moreover, some animals 
appear to be able to tolerate considerably greater pressures than others 
without death ensuing. This critical stage at which animal reaction 
can mean the difference between recovery and death needs further 
investigation. 


CAUSE OF DEATH 

The cause of death from bloat has not been adequately investigated 
due mainly to the difficulty of obtaining clinical cases at the right stage. 
Dougherty, Meredith and Barrett (1955) who recently determined the 
physiological reactions occurring in acutely insufflated conscious sheep 
suggest that tissue anoxia plays an important part in the terminal 
symptoms, but consider that the circulatory and blood gas changes 
cannot be entirely explained on the basis of the simple mechanical 
influences elicited during increased intra-ruminal pressures. Dougherty 
and Cello (1952) have postulated that toxic substances in rumen ingesta 
might be a contributing factor in causing death. 

Pliillipson (personal communication) has studied the effects of 
distension of the rumen of anaesthetized sheep with carbon dioxide, 
oxygen and nitrogen, on blood pressure, respiration and blood flow 
through the rumen wall. He found that carbon dioxide caused an 
increase in the ruminal blood flow and hence distension of this organ in 
bloat means that the blood flow is maximal until pressure becomes 
great enough to impede it mechanically. This also implies that the 
most favourable conditions are present for rapid absorption of any 
soluble material in the rumen. Philhpson feels, however, that from his 
experiments there is no reason to reject the hypothesis that death from 
bloat is due to anoxia (see also Kay and Phillipson, 1959). 
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PREVENTION AND TREATMENT OF BLOAT 

PREVENTION, GENERAL 

There are many theories held by agriculturalists as to the best ways 
of avoiding bloat These include not pasturing the herd when eW 
or frost is on the grass cutting and wilting the herbage, and keeping 
the animals full so they will not graze a lush pasture ravenous y 
Though these may reduce the incidence of mild bloat on mildly toxic 
herbage, severe bloat can certainly occur even when these precautions 
are taken The feeding of hay before pasturing has been wide y 
advocated but is not always found to be effective Cole et al 
have stated that Sudan hay was the only roughage they studied 
that was completely effective, and it had to be supplied overnight 
the cows were to eat enough to be protected When cows had access 
to hay for only two hours before pasturing they consumed 14 
This amount protected most animals but not all Very leafy hays such 
as fine-stemmed lucerne were not effective even though considerable 
amounts were consumed 

GRAZING CONTROL 

Various methods of grazing control have been tried with the object 
of (i) restricting the selection of clover and particularly the succulent 
tops, which are believed to be more potent than the remainder of the 
plant, and (2) altering the grazing pattern and reducing the rate of 
intake to such a level that the animal is able to cope with potent 
material 

Control of sclecuon has been achieved by herbage cutting and stall 
feeding, or by making the animal eat the whole plant by use of 
electric fence (Sears, 1953) Under this latter system the herd of cows 
is intensw cly grazed on a number of stops or 1 breaks’ of pasture during 
the day Though both these methods may reduce the number of 
cases of mild bloat, they most certainly do not give full control of 
severe bloat without a reduction of food intake (Reid, 1956) 

Hancock (1954) attempted to change the grazing habits of cows 
Arguing that bloat may be due to the period of intense grazing after 
making it seemed that a measure of prevention could possibly be 
achieved by offering the cows one half of thcix daily allocation of 
pasture before the morning milking and the other before the afternoon 
milking ^ Howc\cr, as found also by Johns (1954) the oft-stated 
opinion bloat is caused by greedy eating of dangerous pasture* was 
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not substantiated and the method showed little promise. Hancock 
also tried a system of ‘on’ and ‘off’ grazing to break up the grazing 
pattern. This showed some promise but was time-consuming and 
had other drawbacks. 

PASTURE MANAGEMENT 

As bloat is primarily an ailment associated with the ingestion of 
legumes the long-term aim in a programme of bloat control should 
be to achieve grass-dominant pastures. Clovers are an essential com- 
ponent of our swards and hence cannot be eliminated. The aim 
should be to reduce their intake to safe levels by diluting them with 
harml ess herbage. The safe proportion of potent clover will always be 
difficult to define as it will depend on the potency of the clover, the 
portability of associated grasses and the selective grazing habits of the 
animals. Troughton (1955) produced bloat in his grazing trials with 
clover levels as low as 33 per cent of the sward and this also occurs 
under New Zealand conditions. A common farm practice based on 
the dilution method is to graze the cows for a short period on dangerous 
pasture and then remove them to safe food such as rough pasture, 
autumn-saved pasture, crops or silage. This system entails constant 
supervision of the grazing animals. 

ANTI-FOAMING AGENTS 

The use of anti-foaming agents appears to be a logical method of 
preventing frothy bloat. It was found in stall-fed animals (Johns, 
3954 ; Reid and Johns, 1957) that frothy bloat could be prevented by 
the administration of anti-foaming agents before feeding on clover. 
These agents were administered as drenches or mixed with small 
amounts of dry food and gave complete protection from bloat for the 
succeeding two hours. It had been hoped that such a measure would 
protect the animals from morning till evening milking, but even 
increasing the dose did not give protection consistently for this period. 
However, the method of feeding an anti-foaming agent with meal in 
the milking shed has been used with some success by farmers in South 
Africa and New Zealand who only feed the dangerous pasture sub- 
sequently for a restricted period. 

It appears diat the anti-foaming agents used are lost rapidly from the 
rumen and hence the only reliable method would be to have a con- 
tinuous intake with the food. Clark and Weiss (1952&) suggested 
spraying with a weak solution, of a proprietary anti-foaming agent. 
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R.cid (1955. 1958) has successful!) developed the method of 
spraying for hloat control usrng emulsified vegetable or mineral 0 
or emulsified tallow (see also Johns, 1959) This method lias cc 
used very widely m New Zealand and Australia to give conip c 
control over outbreaks of bloat economically Another metho 0 
administering anti-foaming agents which has met with modcraW 
success in the field has been the use of oil on the water troughs 
is more effective in dry weather and where the cows do not has 
access to other water 

It has been found that various types of silicones with and withou 
dispersing agents have not proved as reliable or effective as the oils in 
preventing bloat (Reid and Johns, 1957) 

PENICILLIN 

Barrentme et al (1956) found that orally administered pcnicdh 11 
controlled bloat in the field Doses of 50 mg of procaine penicnlm 
gave good protection from bloat in yearling steers for 1 5“ to 3"“^ 
periods Older animals required 50-70 mg to prevent them “ oin 
bloating Penicillin had to be given several hours previously or 
overnight before it was effective m preventing bloat in animals that 
were bloating before treatment Percival (private communication) 
has not found penicillin as effective in controlling bloat as Barrentme 
In unpublished work from this laboratory we have used 100—200 mg 
of procaine penicillin and obtained very good control of bloat for 2-J 
days after dosing There are indications, however, that the bacterial 
flora may become resistant to the treatment after a period of repeal 
dosing (Mangan et al , 1959) Work has shown that the pemaUm 
acts by slowing down the initial rate of volatile and and gas production, 
and reducing the foaming properties of the rumen contents Af ter 
treatment, food consumption may be shghdy higher than before. No 
detrimental effect has been found on the quantity or quality of the 
butterfat, nor does any penicillin appear m the milk. 

One of the chief difficulties in the use of the treatment, apart from the 
possibility of resistance developing, is the administration of penicilh® 
to the animals It can be fed in a concentrate ration, but many aruma’ s 
will not eat it unless they are accustomed to taking such a supplement. 
We have used the dosing of capsules with a ‘balling gun , but the 
method is hardly practicable with a large herd Barrentme et al 
(1957) have used a penicillin and salt mixture containing 50 mg °* 
procaine penicillin per ounce of salt with considerable success How- 
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ever, in some cases it may not be easy to obtain a reasonably uniform 
distribution of penicillin throughout the herd by this method. 
Further research on the use of penicillin is needed before we are 
certain that we know all the implications of the use of this prophy- 
lactic. 

There appears to be no method at present of preventing the occasional 
loss of cows from bloat. However, the use of oil spraying or peni- 
cillin can overcome major outbreaks of the trouble by allowing a 
farmer to graze dangerous pasture and hence permit other bloat-potent 
fields on his farm to mature. 

TREATMENT 

The value of anti-foaming agents in the treatment of bloat depends 
on the proportion of cases that are of the frothy type. Clark (1948) 
believes that most cases in South Africa are in this category or partially 
so and Barrentinc considers that the pasture bloat encountered in the 
Mississippi Basin is due to foam in the rumen. Our experience in 
New Zealand is that the great majority of cases respond to anti- 
foaming agents. 

Vegetable oils, paraffin, turpentine, cream, etc. have been success- 
fully used in relieving bloating animals by drenching. Such com- 
monly used substances as turpentine and certain phenolic compounds 
have been shown by Clark (1948, 1950 b) to owe their efficacy to their 
anti-foaming properties. Quin et al. (1949) claim success in the treat- 
ment of bloat with methyl silicone preparations though the use of 
collateral treatment makes it difficult to judge the efficacy of the method. 
Reid and Johns (1957) have found that the silicones arc not as reliable 
as the vegetable oils. Nichols (1954) has used sonic household 
detergents and surfacc-acrivc agents to dear die rumen of ffodi. The 
only detergents that we have found effective in deflating bloating 
animals arc the non-ionic ‘Pluronics' manufactured by the Wynadartc 
Chemical Company in the United States. When used at die rate of 
1 oz. per animal Pluronic L61 or L6z has the added advantage of pro- 
tecting the animal from bloating for 24 hours. The use of ami- 
lusuminics as suggested by Kerr and Lamont (1946) was found by 
Johns and Rdd (1954) to be definitely dangerous in the treatmenr of 
frothy bloat but antihis tommies have a place where an allergic reaction 
is ui\ olved. In cases where bloat is chronic, the use of such treatments 
a* antibiotic therapy (Chi\cn, 1954) or calcium therapy (Rjdcll, lpSl) 
may be indicated. Such methods as standing animals uphill, a gag 
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m the mouth or driving animals around the field arc often used and are 
sometimes helpful hut arc not always reliable 
Antt-foaming agents arc useful where the animals arc not m too dis- 
tressed a condition, but in an acute ease where prompt relief is essential) 
the trocar or knife appears to be the safest remedy if only a small 
pocket of gas is present a considerable incision may have to be made 
to remove solid material that blocks the opening The usefulness of 
an anti-foaming agent administered through the trocar is problemat- 
ical for if the ammal is in such a condition as to warrant the emplo) - 
ment of this instrument, speed is the essential requirement if the animal 
is to be saved 


CONCLUSIONS 

Research on bloat during the last few years has at least made more 
obvious the complexity of the problem Neither the ammal por the 
plant factors involved can yet be defined though some logical control 
measures are now available The answer will come from a filling of 
certain gaps in our knowledge of ruminant physiology, plant bio- 
chemistry and the microbiology of the rumen It is becoming more 
and more apparent that problems such as bloat cannot be investigated 
with much chance of success by scientists of one discipline It « 
necessary for ammal and plane physiologists, biochemists and micro- 
biologists all to make their contribution 
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CHAPTER FOURTEEN 


Ketosis in Cattle 

A. N. WORDEN, K. C. SELLERS AND J. S. LEAHY 

Introduction — Incidence and seasonality— Aetiology — Ketosis and hypomagnesemia 
— Treatment — Conclusions 


INTRODUCTION 

Ketosis or acetonaeniia can hardly be classed as a disease which is a 
direct result of grazing or pasture management. Nevertheless it was 
considered worthy of mention because of the many resemblances it 
bears to pregnancy toxaemia of the ewe and of the fact that manage- 
ment of the dairy cow, either in winter or summer, may be directly 
related to pasture management and to the use and quality of conserved 
pasture products. This chapter is not, however, an exhaustive review 
but rather a comment on our present state of knowledge: for an 
exhaustive treatment of the subject the reader is referred to Pearce 
(i960) who discussed the subject of ketosis in all animals with special 
reference to catdc. 

The presence of more than trace quantities of ketone bodies in the 
blood, urine and milk of dairy cows is a frequent biochemical finding. 
It may occur without detectable clinical symptoms, o tlicr than a 
‘ketone* or ‘acetone* smell in the bread), or in association with a 
condition known variously as ketosis, acctonacmia, acctonuria, aci- 
dosis, ketonaemia, slow fever and other synonyms. The condition is 
usually non-fcbnlc and mortality is low. Despite extensive investiga- 
tions in several countries, there remains much to be learned concerning 
the aetiology of this condition and of the physiological and biochemical 
changes in the affected animal. Similarly die relationship of ketosis 
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to pasture and to pasture products calls for further study, although die 
disease occurs most frequently in housed animals fed conserve 
products and is much less common in dairy cows at grass 

Udall (1936) discussed the symptomology of ketosis m considera e 
detail and indicated that the condition had been described in Europe a 
least as early as 1 849 He defined it as ‘ a parturient or non-parturient 
disease of well-nounshed, high producing cows of all ages characterize 
by a marked hypoglycaemia, acetonuna and acetonaemia, thoug t to 
be due to an impaired carbohydrate metabolism’ Symptoms inc u 
depression, sometimes motor lrntation, paresis, rapid loss of conditio 
and a sweetish acetone like odour in the breath, unne and m ^ 
There is frequently a sudden and marked fall in milk yield, a loss 0 
appetite especially with regard to concentrated food and sometimes an 
apparent craving for roughage 

Udall distinguished between parturient and non-parturient typ«> 
and recorded approximately equal numbers of each He recognize 
at least three clinical types, which overlapped somewhat, viz- a mint 
fever or paresis syndrome a digestive type, and a nervous form maiU" 
Tested by excitation, delirium, motor irritation and paraesthesia. 
commenting upon Udall’s classification, Blood (1956) reported fro® 
New South Wales that in his own senes of 152 cases there was a 
continuous range from the animal with a simple mdigestion-like syn- 
drome to the animal with purely nervous symptoms The mn^" 
fever type he found to occur during the same period as that at whit 
milk-fever itself occurs, and believed that the two conditions occurrc 
simultaneously 

Despite its sometimes alarming symptoms, neither Udall nor other 
authors report a serious mortality from primary ketosis — a term used 
to distinguish the condiuon under discussion from the secondary 
ketosis that may accompany such conditions as metritis, pneumonia 
and foreign body rcticuhtis, and that it is much more common than I s 
generally supposed, hence causing considerable confusion in diagnosis 
and treatment (sec Sampson and Hayden, 1936, McBarron, I95 2 * 
Dukes, 1955) Very few primary ketosis cases die, and in those that 
do it is probably some complicating factor which is responsible* 
Spontaneous recovery, heralded by normal dunging and a return of 
appetite, is the rule, and this makes assessment of treatment dilncult- 
Prcsumably many allegedly successful treatments owe their reputation 
to recoveries that would have occurred anyway Although these 
frank cases are associated with trouble and produenv e loss, it is con- 
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ceivable that mild, unrecognized or even sub-clinical cases may in the 
aggregate be of even greater economic significance. -*> 

Scandinavian workers have distinguished between ‘small farm 
acetonaemia*, or that associated with underfeeding, and ‘estate 
acetonaemia’, associated with relative overfeeding. Carlstrom (1950) 
reported that the former occurs almost exclusively during the later 
part of the stall-feeding period, but varies in frequency from year to 
year, being particularly high in those years in which the quality of the 
straw is poor. Estate acetonaemia tends to occur during the early 
part also of the stall-feeding period; it appears to be associated with a 
high plane of nutrition immediately before and after calving, and 
attempts to find a qualitative deficiency in the diet have not been 
rewarding. 

An important finding from the work of Breirem, Ender, Halse 
and Slagsvold (1949) was that relating to the method of feeding after 
calving, i.e. that there should be a gradual and smooth increase. ‘An 
irregular and rapid increase may lead to inappetance and “going off 
feed”, which secondarily may cause metabolic diseases. It is necessary 
to he especially careful with voluminous feeds, for instance silage.’ 
They compare their findings in this respect with those of Shaw (1947) 
on the effect of palatability of rations. Since mortality is low, the 
economic importance of ketosis lies chiefly in its effects on milk yield, 
which is reduced considerably during the course of the disease and 
seldom reaches its anticipated level during the remainder of the lacta- 
tion. It is difficult to assess the extent of this loss although Shaw (1955), 
m a comprehensive review of the disease as encountered in herds in the 
United States of America, estimated that the loss of milk represented a 
loss of ten million dollars per annum to the dairy industry in that 
country and that about a million cases developed annually. A 
secondary and contributory effect on losses is the culling or disposal of 
cows which fail to respond to treatment or which lose condition and 
milk thus rendering them uneconomic for further production. 

incidence and seasonality op occurrence 

Recent surveys in England, Scotland and Wales (Leech, Davies, 
Macrae and Withers, 1960) and in Northern Ireland (Graccy, i960) have 
indicated that the incidence of ketosis lias a serious effect on the 
economy of dairy farming. Lccch cl a/, estimated that the incidence 
was between 0-9 and 3 -3 per cent in the eight areas surveyed and was 
higher in the north dun in die south and south-west. Also, the 
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incidence of ketosis changed markedly m successive lactations, in- 
creasing from o 6 per cent m the first lactation to 3 I per cent in the 
fourth when it declined slightly The greatest number of eases 
reported occurred from December to March the seasonal minimum 
of ketosis was in June but 93 per cent of the cases occurred in the winter 
penod from October to Aprd Ketosis occurred more frequently m 
the Ayrshire breed (2 6 per cent) followed by the Channel Island 
breeds (2 1 per cent), and 62 per cent of eases occurred in the first four 
weeks after calving The incidence was higher in large herds than w 
small herds In the Northern Ireland survey ketosis accounted for 
3 3 per cent of all deaths (which amounted to r 2 per cent of a sample 
of nearly 7,500 animals) recorded m milch cows and for o 4 per cent, 
and 0 6 per cent of sickness in 1954 and 1955, respectively 
During the war years there was a marked increase m ketosis m 
Norway Brcirem ct al (1949) recorded data from cow testing 
s taons in astern Norway based on between 6 000 and 7,000 animals 
wen year The incidence vaned from 18 0 to 88 6 eases per 1,000 
animals each year and was associated with war-time rauons character- 
well « 1? QW i C ? ntCnt ° f P rotcm and readily available carbohydrate as 

f<^d^ Cases were most 

maenesHn' 118 ''" yiel ^ii S b f r<ls f ht<l“ency of both ketosis and hypo- 
seemd ™ ™ ^ ut “ bm 8l)' great, and on some farms every 

4=mo„r„n“ " d K " OMS P^otmnated cspecully durntg 
fedm^th J ?T Mly thc w “ y«» lest hay was used and 

W “ '“pended *«e being replaced 

Cly itLd hemttg-tneal tte amount of sdage was often 
the first two v e' ob toots were augmented during 

W Bte^:", 0 ) ' "S ^ th ' raf '" “ » heW die pre-war 
low contents of . ^ "ear-nmc rations were characterized by 

carbohydrates and aAk ^° ICm Phosphorus and rcadtly-solubfc 
Although there was an rP ” Particular, were below norma), 

yielding cows received ade' prMHn shortage, many of the high 
those in the less orodum 'P untlt ' cs of it at the expense of 

concurrent defictenev of SU ^f s op lactation. Smee there svas a 
feed unit was often^i P^P' P rotcm content per Scandinavian 
Ender, «* 'he hrglyteldmg cows 

affected severely with lx * 94 '* 111 l har survey of feedmg in herds 
normal protein ratios w ^ 0nu 2 nesaemi a, showed that low calorie 
1105 Wcrc m such herds at the time of the 
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outbreaks. At the Agricultural College of Norway there were no 
recorded cases of ketosis in the herd prior to the war, whereas Breirem 
(1943) recorded that up to 35 per cent of the cows showed symptoms. 
In the years following the war there were again no cases (Breirem 
et al 1949). 

A seasonal incidence of ketosis has been demonstrated in both pre- 
war and post-war conditions in the United Kingdom. Eden and Green 
(1940), reporting on observations made during 1937-8, compared the 
blood pictures in a dairy herd of 59 cows at grass during the summer of 
1937, in. stalls in the late winter of 1937-8, and again at grass in the 
summer of 1938. In 70 per cent of the herd there was a marked rise 
in blood ketone values during the winter months, the average winter 
value being 8*i mg. compared with a summer value of 3 mg. per 100 ml. 
In 30 per cent of the animals during winter, the level lay between 
5 and 10 mg., one animal attaining a value of 45 mg. per 100 ml. There 
was no associated hypoglycaemia, acidosis, or alteration in the plasma 
bicarbonate values. Although correlation of blood ketones bodies 
with the period of lactation and the quantity of concentrates allowed 
for milk production was not pronounced, it was sufficient to indicate 
that high-yielding cows were more susceptible. Mackay (1943) 
reported that the peak incidence of acetonacmia in Cumberland was in 
February and March, and that where the cow could be turned out to 
grass, recovery was uneventful. 

Holmes (1950) confirmed the existence of a high incidence of sub- 
ciinical ketonuria in a herd of 40 lactating Ayrshires in the Wirral 
between January and June, 1948. The incidence was higher in cows 
than in heifers, and was much higher in the early months of the year 
%v hen the animals were stall fed. It fell almost to zero when the animals 
were turned out to spring grass. 

Boddic (1949) referred to an unspecified number of samples he had 
examined at regular intervals from cows in various parts of Scotland, 
and recorded a progressive increase in the ketone content of the blood 
and urine diroughouc the winter in dairy but not in beef cows. Boddic 
referred also, without providing experimental dccai/s, to his work on 
the production of substantial quantities of ketones from the suitable 
incubation of the washing from rumen contents from cows in late 
winter with turnips. 

McEwcn and Foggic (1950) suggested dm factors odicr than dietetic 
might help to account for the rapid disappearance of ketosis in cows 
turned out to grass in spring. ‘After the dose confinement of die 
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stall the freedom of movement at pasture might well he ex P K “ a “ 
stimulate metabolism, and, coupled -with access to appetizing oo , 
freedom may be reflected by enhanced bodily fitness and rec° v “y 
from ketosis’ They applied the Rothera test to mdk samples 
obtained from comparable cattle from predominantly arable 
areas of Hast Scotland either tied up in stalls or housed in courts former y 
used for store cattle In this court system of dairying the cows wer 
tied or yoked during milkin g and feedmg, but at all other times wer 
free to move within the confines of the covered court In i 94 
a significantly greater number of positive reactions was obtaine 
samples from byre herds than occurred in samples from court her i 
and there were more cases of clinical acetonaemia among the byre cows 
The relationship of pasture to clinical or subchmcal ketosis 
discussed m a number of publications from the United States 
Huffman andTobm(i939) describing their attempts to treat an outbr 
in a herd that was on a poor quality soybean hay, maize, silage an 
gram ration, reported that m some cases the condition persisted throng 
out the remainder of the winter, but cleared up once the cows were 
turned out to pasture r 

Knodt, Shaw and White (1942) recorded a marked elevation 0 
blood and urrnary ketones during the late winter and early sprung 
months in animals receiving molasses-treated grass silage, whereas the 
lowest concentrations in these same animals were observed when they 
were on early spring and summer pastures and were receiving g raU1 ’ 
bay and a relatively small amount of silage Because the feeding ° 
fresh sdage did not result in a similar effect, it was considered that the 
ageing of the silage was responsible McBarron (i95 2 ) «porte 
acetonaemia m New South Wales on pasture between December 
and March, when there was a scarcity of green feed, and one outbreak 
on short pasture during September, recovery from which may have 
been assisted by a rapid growth of the herbage 

Talsma who considered that the feedmg of silage containing 

large quantmes of butyric acid is of considerable aenological signifi- 
cance, brought forv, ard evidence from Holland that supports the view i 
ofMcEw en and Foggie (1950) When cows suffering from acetoiuenua 
w ere exercised for from 30 to 60 minutes, the total blood acetone body 
content fell from an average of 28 7 to one of 22 4 mg per 100 inl- 
and dunng this time the average blood glucose level rose from 3<> t0 
50 mg per 100 mL He stated that these frets were in agreement 
with the experience m the Netherlands where developing cases of 


414 



Ketosis in Cattle 


acetonaemia recovered quickly on pasture due to exercise, so that 
the condition, was rarely seen in summer. 

Clinical cases do, however, occur in the summer months even when 
exercise or pasture is available, as has been recorded from Jersey by 
Messervy (1943). 

In assessing the influence of pasture, silage or other factors upon 
either frank acetonaemia or the occurrence of the biochemical findings 
without clinical symptoms, due regard must be paid to possible other 
seasonal factors. In the United Kingdom, the introduction of the 
winter milk bonus in 1940 helped to spread the incidence of calving in 
those areas that were geographically suitable — as is discussed elsewhere 
in this book. Prior to that date the incidence of spring calving was 
higher than that of autumn calving, and cows pregnant during the 
winter months or initiating their lactation in early spring would be 
subjected to a double metabolic and seasonal stress not dissimilar to that 
imposed upon the majority of ewes. The high proportion of spring 
calvings would in any event have implied a seasonal occurrence of 
parturient acetonaemia. 

aetiology 

In a disease which is so obviously associated with a physiological 
dysfunction many suggestions have been made regardmg aetiology 
and the factors associated with occurrence. These include a dietary 
deficiency such as deficiency or imbalance of carbohydrate intake, a 
high-protein diet and a low-protcm diet. This disease has been asso- 
ciated also with vitamin deficiencies including members of the vitamin 
B groups and vitamin A. Cases have also been related to mineral 
deficiencies including deficiencies in calcium phosphorus, cobalt, 
manganese and copper. Rumen dysfunction, resulting from faulty 
nutrition or from a sudden change of ration involving a decreased or 
abnormal production of volatile fatty acids or even the production of 
ketone bodies in the rumen itself, lias also been postulated. The effect 
on the bacterial population and the resulting decrease in the production 
by the rumen flora of members of the vitamin B complex has also been 
considered as a possible contributory cause. The interest and use of 
corticosteroids in mcdianc and die postulates of Sclyc (1946) have 
focused attcuuon on the possibdity that an endocrine deficiency and 
imbalance may be concerned in the aetiology of ketosis involving die 
pituitary, the pituitary-ad renal cortex system or even die thyroid in 
relation to other endocrine glands. Finally, hepatic dysfunction. 
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resulting from fatty infiltration, has also been suggested as one ofthe 
primary lesions which, results m the precipitation of symptoms 
and other factors are dealt with by Pearce (i960) The m £ nmU ^V , 
of silage, mentioned elsewhere in this chapter, is worthy o co 
and was in fact investigated experimentally by Brouwer and *J 
(1938), who reported ketonuna and somewhat higher urinary ainino^ 
levels in a grass-silage fed group of cows as opposed to a grass- y^ 
group When the feedmg regimes were reversed, ketonuna 
appeared from the first group but appeared m the second . 

More recently, Adler, Roberts and Dye (1958) have demonstra ^ 
the presence of ketone bodies in grass silage, and in one instant ^ 
maize silage, they beheve that a relationship exists between the cto 
body ofthe silage and the incidence of ketosis, probably because cto- 
genesis is related to butync acid production. However, as c 
(i960) stated, although silage feedmg is sometimes a precipitating 
factor, it cannot account for a large number of cases The 5W y 
ketosis is handicapped by the fact that it is difficult, or impossib e, ^ 
reproduce it m cattle at will under closely controlled experiment 
conditions Shaw (1946, 1947) produced a fasting ketosis in naif) 
cows, as did Breirem ct al (1949) m Norway and Robertson 
Thin (1953) m Scodand Brown (1953), reporting on his studies wi ^ 
fasting cows, stated that the low volatile fatty acid content of t um 
fluid, frequendy observed m cows with ketosis and the relative y 
lower amounts of propionic and butync acids were duplicated j 
witholding feed from normal cows for 15 to 20 hours, and consider 
that data obtained from cows with ketosis should be compared wi 
data from fasted cows for proper evaluanon 
There arc, however, undoubtedly differences between fast^S 
ketosis and ketosis as recognized clinically, which was not induced 7 
the vanous workers already cited or by Lcffel and Shaw (i957) 111 
studies using different levels of protem and energy intake . 

The investigator has, therefore, to depend for his research mated 
on naturally occurring cases of the disease and to relate his expe*** 
mental observations to one or other of the vanous factors already 
mentioned, which arc more probably contnbutory and may bear no 
direct relationship to the basic physiological or biochemical lcsiord* 
Rcccndy, however, there have been advances in our knowledge ofthe 
basic aetiology' of ketosis in man and animals which should tin 
doubtcdly he of significance in attempts not only to treat but also to 
prevent the condition in cattle 
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In ketosis the level of ketone bodies, which are present under 
normal conditions in the blood in small amounts, is raised. The 
ketone bodies normally present are j3-hydroxy butyrate, acetoacetate 
and acetone and, in cases of ruminant ketosis, iso-propanol (Robertson, 
Thin and Stirling, 1950). In the chemical sense of the word, of these 
only acetoacetate and acetone are ketones, but /3-hydroxybutyrate and 
iso-propanol are closely related to acetoacetate and acetone respectively 
and are readily converted to the corresponding ketones in vivo. Many 
tissues can utilize ketones as a source of energy breaking them down to 
carbon dioxide and water. Recent work by Williamson and Krebs 
(1961) has shown that acetoacetate is, in fact, the preferred source of 
energy for the intact rat heart and for several other tissues including 
amongst others sheep heart homogenates in vitro (Kulka, Krebs and 
Eggleston, 1961). 

The ketone bodies arise from two major sources, either directly or 
as a result of rumen fermentation. In the course of the latter fatty 
acids such as butyrate and propionate are formed, the former being 
converted in the wall of the rumen to /3-hydroxybutyrate, or from the 
breakdown of fatty acids. When fatty acids, arising either from ab- 
sorption from the rumen or from the breakdown of fat, arc meta- 
bolized this leads to the formation of acetyl co-cnzyme A and in certain 
cases directly to acetoacetate. In normal conditions most of the acetyl 
co-enzyme A combines with oxaloacetatc to form citric acid, which is 
then broken down to yield energy through the various stages of the 
tricarboxylic acid cycle and regenerates ultimately more oxaloacetatc. 
Acetyl co-enzyme A can also condense to form acctoacctyl co- 
enzyme A and then acetoacetate or to form fat by a scries of condensa- 
tions. Acetyl co-cnzymc A can thus be seen to play a central role in 
metabolism. The accumulation of acetyl co-cnzymc A leading to the 
formation of ketone bodies could be due cidicr to an over production 
of acetyl co-cnzymc A or an under utilization of it. If, in fact, there is 
under-utilization of acetyl co-cnzymc A tliis would be due co a lack of 
oxaloacetatc with which to condense. It has been shown in vitro 
that there is accumulation of ketone bodies when there is a lack of 
oxaloacetatc (Lchningcr, 1946). Similarly dietary ketosis induced by 
the feeding of butyrate can be reduced by the administration of 
oxaloacetatc and substances that can act as precursors for oxaloacetatc 
(Ikatty ami West, 1951; Fasclla, Baglioni, Tnrano and Sdiprandi, 1958). 
The ketosis of human dicbctics and of cattle sufiermg from bovine 
ketosis is not however influenced to any extent by oxaloacetatc or its 
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precursors (Machay, Sherrill and Barnes, 1939, Dunlop -usd Arootf* 
1937, Lawrence 1937; Dibold, Frey and Lapp, 19J7). Tim indues 
tlut m these conditions there u no uidcr-milization of acetyl co- 
cnz > me A but rather o\ cr-produciion.. Fasclia tt a I ( ] 93 S>) has c con- 
cluded from tins that diabcuc ketosis and dietary ketosis arc funda- 
mentally different. Krebs (i960) is more cautious and prefers to 
express this difference by die statement that different factors hunt the 
formation and utilization of accty 1 co-cuzy me A m these tw a conditions. 

The accumulation of intermediary products such as ketone bodies is 
a most unusual occurrence m animal tissues. Normally, as lus been 
demonstrated experimentally, once a substrate molecule of respiration 
starts to be metabolized it u used completely before a new molecule u 
attacked. Inhibition due to the presence of metabolic intermediates 
does not seem to occur in die state of ketosis where die presence of 
acetyl co-enzyme A or ketone bodies docs not suppress die degrada- 
tion of further substrate molecules. Why dus should be so is stdJ 3 
matter of speculation, diough the fact that ketosis can be induced by 
anterior pituitary extracts suggests diat the co-ordmacion of acetyl 
co-enzyme A producuon and utilization is under hormonal control of 
the pituitary gland. 

Further light hoi been thronn on the acuology of ketosis m cal* 
by the observing™ made by Bach and Hibbue (i 9W ) on a senes of 
dmicJ easel in Jersey eons These workers examined blood samples 
urate and Cty of subsunc " ‘"eluding pyruvate, curate, alpha oxoslu- 
the va? d “T? “ “ ' kct °" cs ' uni blood sugar, and computed 

no Ue T rt ‘ h< f f T <1 normal cons. As well » 

h« hL ^ d,,: dc 8tee of ketonaenua a“ d 

f r d » b «osu.,he pyruvate and <r-oxo- 
mn“flr„ 1 r ehcr a ,h “ n0n,ul “ d *“ tliereua. a marked loner- 
the — * - “ d suc ? na ' c Iwh, Thesr obsersanons suggested 

pynrvatT m m “ Uitcrfcrcncc nstlun the estne and cycle m the 
pynmt. ro curate and u-oxoglutaratc to sucematc piths and » 
.nlS^a twkt ? “ A. Then results would 

tedueno Woc “S c ut the tncarboxyhc aad cycle although tint 
« nOK \ h l Thu divergent *» 

ruminant ammals l( for 0n ° f d ‘ ffcKnccs between monogastrK a" 
absorbed duett t ' “ the latter, ingested carbohydrate « “ oc 
for co-enzyme n ^ ac ! :tatc v ' ; nh "" increased requirement 
were able a ,'“ U , 1b of ■>>« work Bach and Hlbb.tt 

to postulate that the drvers.on of co-enzyme A as acetyl 
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co-enzyme A to the mammary gland, for the synthesis of milk fat (and 
the demand would reach the peak in early lactation) would result 
in a temporary deficiency of the co-enzyme in the citric acid cycle, 
Ford and Boyd (i960) in a limited number of clinical cases, studied the 
relationship of fatty infiltration of the liver not only to clinical symp- 
toms but also to various blood constituents. Their observations 
indicated that, at the early stages of the disease, there was an intense 
fatty infiltration of the liver. These findings conflicted with earlier 
observations (see Shaw, 1955) in which it was concluded that the liver 
fat of cows during the early stages of ketosis was normal and that 
extremely fatty livers occurred in the later stages of the disease, suggest- 
ing that this change was due to fasting. Ford and Boyd noted in some 
of their cases a high serum glutamicoxolacetic transaminase level as an 
accompaniment of clinical symptoms, but with no change in the serum 
glutamicpyruvic transaminase, and they related increased serum 
isoritric dehydrogenase and lactic dehydrogenase with elevated blood 
ketones rather than with clinical symptoms. They suggested that 
this acute and intense fatty infiltration of the liver might result m an 
increased release of enzymes from the affected liver cells and might 
be accentuated by increases in cellular enzyme activities. 

It is evident that the precise metabolic lesion in bovine ketosis has 
not been fully elucidated. It is evident also, however, that the more 
fundamental nature of observations earned out on this disease during 
recent years have been more rewarding than earlier observations of a 
more empirical nature, and more likely to produce results of a practical 
value. Advances in this field, as in that of pregnancy toxaemia in the 
ewe, will depend primarily on an increased knowledge of the normal 
physiology and biochemistry of die ruminant. 

KETOSIS AND H YPOM AGNESAEMIA 

The findings of Brcircm ct <tl. (1949) have already been discussed. 
There have been several odicr observations tbat tend to support die 
association of ketosis with some forms of hypomagncsacmia. In the 
first of their important papers on metabolic disorders in dairy cows in 
some New Zealand districts, Swan and Jamieson (1956.1, b , c) concluded 
from a survey that uncomplicated acctonacmia was a relatively rare 
condition in that country, but that a nuld to moderate ketosis was 
frequently associated with grass staggers, and that those simple cases of 
ketosis of which they liad full individual records were all pair the 
lVs c hdv day of lactation. The youngest cow whose age is known was 


4*9 



Amvnl Health, Production and Pasture 


a nervous ease, a four-) car-old The cow that w as furthest from cals- 
tn S (7 months) developed the condition in mid-summer All the 
others occurred in late winter or spring, when pasture gross th ssas 
>oung and fresh, but scanty in amount 
In Great Britain, Dasvson (1955) dresv attention to the frequent 
occurrence of h) pomagncsacmia and of acctonacnua on the same farms, 
and Gould {1958) stated that ketosis ssas often a sequel of nnlk fever or 
ofhypoinagncsacmu and ssas particularly common sshen heavy silage 
feeding was indulged m and especially when the silage ssas of low 
quality and the milk potcnual of the cow was good Gould seated 
that he was satisfied that the feeding of an adequate ration of good ha J 1 
together svuh feeding of production ranon for half the maximum 
expected daily > lc ld during the last week of six weds, gradtiaUy 
increasing during ‘steaming up svas of considerable value in the 
control of ketosis He stated also that mineral supplements, of up to 
n to 4 oz. daily throughout the year ssctc particularly indicated sshen 
large quantities of silage svcrc being fed 
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remain ISC ^ C 0 un known or obscure aetiology treatment mm* 
XI 0 a f rgC TT C , m P mcJ or non-specific The comparative 
case mct , 0C ^ S treatment is difficult in that no individual 

that such vam? C ? onsi j “cd Meetly comparable with another and 
nnlk ouaW^ br f d ’ «d paxity of the cosv, milk yield and 

Sts d£',lf q “ aI ‘ ty food mtJics render interpretation of 

recovery u V» A f am, . lC IS ^dficult to compare observations where 
resolution rgC ^ ° tt c ^ IUca ^ appraisement or biochemical 

the marked nfa h** C ^ cn J ual performance m regard to milk yield 
agn Wh,ch U Ae “V* causc S of concern to ** 
results under farm C j ^ cc rtam treatments appear to give good 
treatment eiV int> ^ & ? M ^though observers have realized that a 

successful m an f|°° ir ' Sul ' smon ' h "dniaynotnceessatilybeequallr 


420 



Ketosis in Cattle 


treatment results in a temporary correction of the hypoglycaemia 
during which period the basic metabolic lesion presumably resolves. 
It is often necessary to repeat the glucose administrations. Glucogenic 
substances such as propylene glycol and glycerol have both been 
reported of value given by mouth as have salts of volatile fatty adds 
such as soluble lactates (see Worden and Reid, 1958) and sodium 
propionate. These types of treatment are often reinforced by glucose 
injections rendering their therapeutic assessment difficult. • 

Inorganic substances including sodium and potassium bicarbonate 
and sodium and potassium chlorate have also been claimed of value. 
Carlstrom and Carlstrom (1950) recorded lowered serum potassium 
values in puerperal ketosis, and stated that the potassium content of feeds 
which predispose to ketosis was low. They record that the intravenous 
administration of 15 gm. potassium chloride in 3 per cent w/v solution 
gives immediate improvement. Blackburn, Castle and Drysdale (1959) 
used potassium chlorate at the rate of 30 gm. twice daily by mouth in 
9 cases; all responded well with a return to normal blood and milk 
below body levels in 4 days. 

The use of corticosteroids in the treatment of bovine ketosis has 
been reviewed by Uvarov (1959). Adrcnocorticosteroid hormone 
(ACTH), cortisone, hydrocortisone and prednisone, prednisolone 
and other materials have all been reported of value alone or in com- 
bination with other methods of treatment such as glucose therapy. 
The therapeutic action of this group of drugs is considered to be 
related to their glucogenic effect, although this is probably an over 
simplification of their role. Although dramatic cures are sometimes 
elicited by these compounds, any form of therapy should be evaluated 
with due regard to underlying husbandry and other factors, and with 
some of the more potent agents care may be necessary. Thus the 
work of Dye, Roberts, Blampicd and Fincher (1953) — see also Dukes 
(*955) — indicates that cortisone can be kctogcnic unless the blood-sugar 
level is sufficiently elevated by the same or other treatment. Chung 
and Shaw (1957) reported deaths in experimental goats receiving sodium 
salts in addition to g-a Huorohydrocortisonc, although Worden and 
Reid (1958) found chat goats receiving 1 gm./kg. calcium sodium lac- 
tate daily could tolerate full therapeutic doses of prednisolone. 

An encouraging advance in treatment methods has been nude by 
Bach and Hibbttt (1959) ''ho, as a logical conclusion of their bio- 
chemical studies of the disease, used sodium fumaratc and cystca- 
minc m clinical trials. Of sixteen cases treated with sodium fumaratc. 
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14 recovered within 10 days, although the use of fumarate increased 
pyruvate and oxoglutarate blood levels In contrast, cysteatnin 
therapy resulted in the recovery of 13 cases within 4 days, ’ vVI 
a fall to normal of the pyruvate and oxoglutarate blood levels 

In addition to the above methods of treatment many others vC 
been reported, mcludmg vitamin therapy, transfusion of ruminal jui 
from healthy to suffering cows and exercise The evaluation of these* 
and for that matter, other methods of treatment is difficult and unL ^ 
observanons are ngorously controlled may be invalidated by the v- e 
known fact that spontaneous recovery is of common occurrence 

CONCLUSIONS 

Ketosis in cattle appears to anse from a variety of contributory 
causes, mcludmg feeding and endocrine disturbances, and is almost 
invariably associated with recent parturition and the concomitant 
demand of lactation Recent research has mdicated that the funda- 
mental lesion is an interference with intermediary metabolism 
involving the tricarboxylic acid cycle and the utilization of protein 
carbohydrate and fat These findings, taken together with the results 
of treatment experiments and field trials do not however allow any 
hard and fast recommendations to be made as yet regardmg either c 
prevention or control of the disease There is adequate negaU' c 
evidence to indicate that ketosis is of rare occurrence on good pasture 
although it may arise where the pasture is poor and unable to supp Y 
the demands of the post parturient lactatmg cow It is possible m 
developed countnes that, with the continuing improvement 0 
production potential of the dairy cow together with the increase 
life span of catde which has resulted from improved control ° 
infectious conditions, there may be an increased susceptibility to, an 
incidence of, ketosis Whatever the precise details of us aetiology* 
careful husbandry and what the Scandinavians refer to as gradual an 
smooth changes in the feeding levels would appear to be of basic 
importance m lowering the incidence of this rarely fatal but economic- 
ally senous disorder of the modem dairy cow 
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CHAPTER FIFTEEN 


Pregnancy Toxaemia in the Ewe 

P D S PUGH AND K C SELLERS 

Incidence — SymjiMWdtofogy — Post-mortem findings — Biochemical findings Classt 
ficalton of the group of pregnancy toxaemias — Aetiology of pregnancy toxaemia— 
Studies relating to symptomatology — Treatment and prevention 


In the study of animal diseases the mam efforts have, in the past, been 
directed towards the solution of questions relating to infectious diseases 
However, in recent years, advances m preventive medicine, and effo 
to improve animal productivity, have brought to light new disease 
conditions and have enhanced the importance of the well-known g t0U P 
of ‘metabolic’ diseases of farm animals One of the most prominent 

diseases of this group that affects sheep is ovine toxaemia of pregnancy 
The term pregnancy toxaemia, as used at present, probably covers 
more than one condition but is usually used in referring to an in diner 
ently defined disease seen in multigravid sheep during the last three ° r 
four weeks of their 150 day gestation period Cluneal signs arc not 
stnctly pathognomonic , they include nervous signs, and inappetence 
followed by apathy and coma The disease is fatal unless parturition 
or surgical removal of the contents of the uterus occurs Blood anaty' 
sis shows an early and progressive elevation of the ketone body 
concentration and hypoglycaemia accompanied by high plasma 
cortisol levels and followed by a nse m the level of non-protein nitrogen 
and a lowered alkali reserve The mam changes which have been 
noted post mortem relate to the Uver which shows a fatty infiltration 
and a lowered glycogen content 
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INCIDENCE 

Pregnancy toxaemia which is known by a great number of different 
names (e.g. pregnancy disease, twin-lamb disease) has been recogmzed 
in most areas where sheep are raised and, according to early reports, 
was a recognized syndrome in the last century. Its economic import- 
ance depends largely upon the fact that it affects pregnant ewes causing 
a high mortality rate of both mother and lambs. In a survey of the 
losses in certain northern counties of England, Ferguson (1953) found 
that 70 per cent of all deaths (equivalent to 1 -9 per cent flock mortality) 
could be attributed to pregnancy toxaemia though the diagnostic 
criteria on which these figures are based are not given. Sellers and 
Leech (1955), estimated that approximately 2 per cent of breeding ewes 
in Yorkshire died during pregnancy, the greater part during the latter 
third (Leech and Sellers 1959) ; no attempt was made to diagnose the 
Cause of death. Heath (1955) cites figures to show that pregnancy 
toxaemia accounts for 6 per cent of the deaths of adult ewes. 

The disease occurs in ewes during the last three or four weeks of 
pregnancy. The ewe is generally multigravid, though cases have been 
reported in ewes bearing a single large Iamb: for example in 53 cases 
reported by Roderick et . al. (1933) 43 ewes had twins, 5 had 
triplets and 5 had single lambs. It is considered that there is no breed 
predisposition (Roderick et. al., 1933) although the disease is rare 
among pure bred hill ewes and commoner in lowland flocks (Lyle 
Stewart, 1953). In this connection, however, it is of interest that 
ui Iceland, where there are about half a million sheep, there is little 
history of pregnancy toxaemia although lambing sickness occurs and 
ketosis is very common in cows (Lyle Stewart, 1953). The disease 
usually affects older sheep, in which multiple births more commonly 
occur (Kelly, 1939) rather than the yearling sheep or the very old 
(Marsh, 1928; Dayus and Wcighton, 1931; Roderick et. al., 1933). 

The incidence of the disease is very variable from farm to farm and 
from year to year; m a survey in North Wales, Michael (1957) reports 
827 cases out of 21,467 ewes in 1955, whereas in 1936, only 19 cases 
occurred among 20,607 ewes. 

SYMPTOMATOLOGY 

Since the work of Grcig (1929) on rhe occurrence of acute hypo- 
calcacmi* (lambing sickness) there has been Jess confusion in des- 
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cribmg the symptomatology of pregnancy toxaemia. Nevertheless, 
although there is still a need of accurate observation both qualitative 
and quantitative on the course of the disease, pregnancy toxaemia can 
be divided into two broad types on a clinical basis. There is a nervous 
form where clinical signs are pronounced over several days with coma 
at the terminal stage and there is a lethargic form, where a profound 
lethargy begins early in the condition and may last for several days. 

Nervous signs are generally seen in the disease associated with 
overfat ewes (Clark, Groenewald and Malan, 1943 ; Rowlands, I95 2 )- 
In the opinion of Parry (1950) there arc manifestations of nervous 
derangement in the majority if not all cases. However, since these 
signs may be transient and the episodes not very clear they are often 
overlooked. Lyle Stewart (1952) has found that the type showing 
pronounced nervous manifestations of excitability is relatively rare 
m North England. In the cases described by Dayus and Weighton 
red • 4 P ro 8 ress * ve malnutrition occurred, the apathetic type 


The literature is replete with clinical reports, and it would be at 
appropriate to detail the various clinical signs described as character- 
11 Pr e 1 5IUnCy '° XMm “ by various observers. Affected ewes are 
generally first nouced when rhev .1™. „e i, pression , vv ith refusal 


" II r ™ toxaemia by various observers. Aff 

j ‘ n0 T d e hcn sW Of depression, with refusal 

citabilih m ^ watcc ' Th- main nervous signs include ex- 

y \ applrcn [ im pairmcnt of vision or blindness, unsteady and 
of aeetrne ’ C , onvulsl0 ‘“ lnd P'tiods of struggling. The breath smells 
the nose at T y ' xcc “ ivc salivation, a frothy discharge &o» 
follows the r - S optccctl ar - d constipation. Emaciation rapidly 
affected ewes , cprcsstotl In appetite. As the condition progresses, 
recumbent in m ° K m0rc ! 'thargic and eventually become 

this stace thev cnu '1 :oin3tose sta te progressively becoming deeper; at 
„ S ™ 7 y , a Jopt ““sual posture,. Del* occurs in Ham one 

and the ewe ca« wd “r^L^'" 5 ' ^ lamHn g tai “ ^ 


P08T-MORTEM FINDINGS 

changes canl^xdW? 2 * ? nnot considered as specific and many 
Roderick, Harshfield and ° fbunition during pregnancy- 

logical processes are alrr rl ?u ^, 937 ^ S ive the opinion that patho- 
rccognucd. ^ we ® advanced when the clinical signs arc 

rain finding, although not invariable, is a marked fatty 
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infiltration of the liver which histologically is not - 
degenerative changes nor by cirrhosts even m advanced^ How 
ever Wright (1955) 1 ™ drawn attention to the similarity in histo- 
logical appearance between the liver changes som in ^ e^ ^ 

pregnant ewe and those seen hi Hartroft and 

maintained on a choline-free diet for short periods ( B ^- ^rtroit an 
Sellers, 1952). Analysis shows that, as might be expected, the tat 
content of the Uver is greatly increased whereas the gtyjog 
is decreased The vitamin A content is normal (Barron 1942). 
Them arTno fatty changes in the livers of foetuses removed fiom 

affected ewes (Roderick et al 1937)* , n mottled 

In addition to the fatty infiltration of the Uver there i may -be a pottle 

appearance of the renal and omental fat (van Rensberg, 93 1 ) 
changes in the kidney and Parry (1950) found thadiekldneyco x 
was invariably pale with yellow translucent streaks 
with pin-point reddish foci; the medulla was ucrmai a«ologiad 
studies of fat distriburion in the kidneys of s .urv. ed J pregmuit sheep 
performed by Wright (i 9S j) indicated that this fat « 
confmed to the cortical region and that fat was present m “n y 
tubules. In cases of pregnancy toxaemia arising from p prolonged 
undemutridon it is common to find gross adrenal b “‘ 

this feature is less common when the disease has been sndoi ted. over a 

short period by sudden and complete fasting (Reid, 1960a). Clung 

have been recorded in otlier organs and tissues but -^r these no 
the more commoidy seen changes in the hver and kidney can 
considered pathognomonic. 


biochemical findings 

A constant finding in pregnancy toxaemia has been “ e ’" ad ° n ^ f 
the blood ketone body concentration, an acidosis and a ^“Sc m tile 
blood glucose values accompanied by abnormally high plasma cor o 
concentration. No correlation has been found between the chmcal 
syndrome and the blood concentration of ketone boJ *“- “ 

terminal rise in the non-protein nitrogen level in the blood, otau 
levels are normal. The urine contains increased quannnes of ketone 
bodies and ammonia, but there is no glycosuria. 

The values for blood ketone body concentrations during the disease 
repotted by different audiors vary and have to be interpreted with a 
considerable degree of latitude. First, it is often hard to say for boss 
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long the disease has been progressing Secondly, the determine 
of ketone bodies is still often subject to considerable maccura^ 
because it involves the measurement of a heterogeneous group ^ 
compounds which do not react uniformly to the analytical proce ur ^ 
commonly employed The normal ketone body values (express^ 
as mg acetone per ioo ml jugular blood) for the pregnant ewe vn ^ 
twin lambs is 3 28+0 63 mg (Sampson and Boley, I94<>) 
higher values may be found unassociated with clinical effect (rras . 
Godden, Snook and Thomson 1939) Sampson and Boley l 1 94°/ 
consider that 7-10 mg per 100 ml is the critical range, a 0^ 

which an ammal may be expected to show signs of ketosis 4hey s 

of the opinion that the disease develops over a period of per P 
several weeks, furthermore it is not until the ketosis reaches a certain 
intensity or has affected the ewe for some time that definite signs arc 
manifested clinically Sampson and Hayden (1936) give a mean v ne 
of 31 94 nig per 100 ml for seven ewes with pregnancy toxaemia, 
same ewes 72 hours before death and after treatment had a m 
blood value of 21 48 mg per 100 ml , 

The presence of isopropanol had been reported by Robertson an 



(1956) 

In the later stages of the disease there is a fall in the alkah reserve 
level to about two thirds of normal (Hcaly and Hull 1928 , Cameron 
and Goss 1940) at least part of this acidosis will be the result of t« c 
loss of base in the unne m combinanon with excreted acctoacetatc 

and /J-hydroxybutyratc. 

There is general agreement that the blood glucose concentration 15 
low m the disease (Roderick et al 1933, Sampson and Ha} den 
1936), although many arc cautious as to what extent die 
chmcal signs arc referable to hypoglycacmn per se (Clark et al , *943' 
Hitchcock and Phillipson 1946) McClymont and Setchcll (‘95 6 ) 
axe of the opinion that the blood glucose concentration, and not any 
other factor associated with starvation, is responsible for the clinic" 
signs. The glucose values return to their normal concentration ■* 
parturition occurs (Sampson and Hayden, 1936) in addition the lt« 0DC 
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s=~==5s®E3: 

“=S.itfi*s,r=!sS 

the norm/range (Underwood, Cumow 

cortisol promotes the formation of glucose from y P j 

undernourished animal a prolonged hypogi^a ^es^h 
secretion of cortisol by the adrenal w o^ 

also be stimulated by generalized environ frequently but 

this, and in view of the adrenal hypertrophy, that is &eqoeat y 
not invariably, found in cases of pregnancy to~ cn abnorm^y 
high plasma cortisol level is a general biochemical feature^ of he °di 
The urine is acid in reaction in pregnancy tox eima (Rodenck, 
Harshficld and Merchant, 1933). almost certainly th 
tion, as opposed to the alkaline reaction of normal rumman 
The most Larked fmdings are an increase m the ced 

(Hcaly and HuU, 1928; Sampson el <•/.. 1933) “ d p h 
ketonuria. There is no glycosuria. Little change is .seen tin the i.r«i 

content or the specific gravity although the “ m "Ta/X u ria 
albumin and casts has been repotted. It is very probable t ha toligu 
occurs followed in the terminal stages by anuna, a possible reflection 
of the diminished water intake. 

CLASSIFICATION OF THE GROUP OF PREGNANCY TOXAEMIAS 

The absence of accurate data for the differential aiagrrosis of^lus 
condition has led to some confusion. Ketosis has of £1 1 seen taker as 
one of the main diagnostic criteria, and the 
luve been enlianced by the failure to apprcaate the rapidity 
which a fasting ketosis can develop in the pregnant ewe. 

The susceptibility of the ewe to spontaneous 
upon die maintenance of pregnancy (see Sampson 
Listcrcllosis (Olafson, 1940). What relations up ken asis nseh 
to the disease and what bearing upon the dimed cond )“° n 
become certain unul more information is avadable “' k^OECn^s m 
die pregnant sheep. In the ewe with ketosis two facts are widely 
quoted "as being related to parturidon, namely die clinical condition 
improves after" parturidon (Rowlands, ,95a: Holmes. .953) -d 
kctosii then disappears. 
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The main interest in this condition centred for many years around 
the blood ketone body concentration, though ketosis need not neces- 
sarily be considered as the primary expression of an altered metabo is 
nor need it be assumed theoretically that a similar biochemical lesion 
underlies ketosis under all conditions Thus although in certain 
pathological states ketosis may be due to a failure of the body to utuiz 
carbohydrate at the normal rate for example in diabetes melhtus, W 
the diabetes after depancreatization and in glycogen storage disease, m 
other cases it can result from a deficiency in oxalacetate such as m 
fluoracetate poisoning and under still further circumstances ketosis 
can be considered as a ‘normal* physiological state In this 
group one can include the ketosis that follows diets low in carbo- 
hydrates, anaesthesia alkalosis excess exercise and exposure to low 
temperatures Indeed, recently it has become more apparent from 
cluneal reports that hyperketonaemia accompanies a variety of clini 
conditions m the ruminant other than in ovine pregnancy toxaemia 
and bovine ketosis Several experimental investigations conccrne 
with pregnancy toxaemia have been concerned largely with attempt* 
to reproduce the disease by starvation and have led to the assumption 
of the identity of fasting ketosis and pregnancy toxaemia (e g Hop - 
kuk, 1934, Groenewald Graf and Clark, 1941, Sampson, 1947) 
Although a reduction in food intake under many conditions can 
to a ketosis (Roderick, Harshfield and Hawn, 1937, Fraser et al , I93^» 
J939, Underwood, Robinson and Conochie 1942) which it has often 
been found impossible to reverse sporadic cases of pregnancy toxaemia 
possibly occur where there has been no obvious nutritional deficiency 
(Rodcnck et al , 1933, Elder and Uren, 1943, MacDiarmid* 


*952) Nevertheless the opinion may justifiably be advanced that 
in many countries where sheep arc kept on a large scale, ketosis follow- 
ing starvation or malnutrition is of much greater economic importance 
than such sporadic cases of pregnancy toxaemia 

n general, the toxaemias of pregnancy make their appearance in 
mulugravid sheep when one of two conditions prevail firstly when 
o\erfat ewes suffer sudden stress, and secondly when the plane ot 
numuon becomes clearly inadequate towards the end of pregnancy 
j °, et ^ *933) Thus pregnancy toxaemia can be sub- 
divided into two mam types, nutritional and starvation with the 
possibility of a third group as well, which can best be called idio- 
pathic pregnancy toxaemia 

Nmnnonal pregnancy toxaemia follows a progressive shortage of 
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food mainly of a quantitative nature but possibly associated sometimes 

. , ’ «: . i if iq therefore more commonly seen in 

with a qualitative deficiency. It is tnereiore / 

ewes which ate in moderate or poor condition, especially those ^on 

relatively high plane of nutrition early in pregHurrcy ^ For example 

when much grass is available in the autunm and c tly part of Uie 

winter. In the cases reported by Dayus and Welghton(l93l) there 

was a constant history of . e ' ve ^“ Ung T ” "“twJso noted that the 

disease is commonafin ewes which have been well-fed 

of pregnancy which is likely to increase the eventual size of the foetus 

(Wallace 1948), but where it has not been possib q Y 

^Wallace, 1940;. . d hat Casi( J 3 (i 95 fi) showed 

mamtam the condition. It may ue nun. . f ' «u. nn 

that neither level of feeding nor twinning as a sig . ^ 

total embryo weight before the 40th day. Further evldencefor the 
theory that inadequate calorie intake plays an impor P 

aetiology is given by Leslie (.930 b V ^r and over- 

The latter observer reports that in the Transvad. drought and over 

stocking has impoverished vegetation and p aye a par 
die number of cases of the disease. Lack of exercise P^y. »» to* 
part in this type of pregnancy toxaemia. In the aroo a 
Africa where the disease is most troublesome, the sheep seldo 
from lack of exercise (Grocncwald cl »/., ’94 1 )- , j 

Underwood, cl al (1943). have reported the incidence mshcepm 
Australia kept for experimental purposes. In two S rou P s 4 f . 
ewes one group on a low plane and the other on a ugh pb»* £ 
nutrition, there was an incidence of 6-15 p« cent and _10-2 per cent m 
succeeding years in the former group, whereas in the latter *e “ 
cidcncc was 0-6 per cent and 1 -a per cent. In one year, a gr P 
ewes on green grazing alone showed an ina cncc o 7 1 j? 

The observations quoted have largely referred to ,hc ^“ C “ S “ d 
in South Africa, the Antipodes and .he United States of. America and 
appear mainly to be associated with undcr-nutnnon. In Grc 
Britain on the other hand, Lyle Stewart (.95=) Has drawn attennon to 
the fact dial pure bred hill ewes rarely develop the disease 
they usually exist during die winter on a diet which both quantum y 

and qualitatively leaves much to be desired. Ketosis m W1 «ses » 
seen during fasting incidental to bad weather and in m oss stagger . 
The work of GiU and Thomson (1954) is of interest in this connection. 
They showed that if the level of nutrition of wclUondtnoned esses 
was reduced dicre was a high incidence of pregnancy toxaemia and 
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usually a marked ketosis, whereas m cw cs wluch lud liad the same lo 
level of nutrition throughout gestation only one ease of pregnancy 
toxaemia occurred though sonic animals had marked ketosis 
reduction in die ration of fat ewes for a three- v. cck penod mipo 
more than five weeks before lambing had no detrimental effect. 

Starvation pregnancy toxaemia may be defined as a fasting keto 
following a sudden and complete deprivation of food A large num ^ 
of cases may occur at die same time when there is a sudden break 
nutrition, as for example after a heavy fall of snow or other distur 
ance preventing feeding 

Idiopathic pregnancy toxaemia describes the form of the disease seen 
when overfat ewes arc supplied with an amount of food and " 01 
there is no clear-cut explanation for the failure to cat In Britain 
M Fadyean (1924) first drew attention to the association of o\ct" 
fatness with pregnancy toxaemia Rowlands (1952) discussing 
disease m North Wales says that it is commonly found among over t, 
lazy ewes on restricted grazing eases occur among older ewes broug 
down from the mountain for cross-breeding on lowland pastures 
which have often acquired superfluous body fat, but have lost then 
native habit to wander and forage for food Cases under sinula f 
conditions have been reported from New Zealand (MacDiarnu 
1952) In New Zealand the incidence of the disease has increase 
progressively with the subdivision of the country and the establishment 
of small flocks intensively fed, with little exercise (Dayus and Weigh to*>» 
193 1) Although lack of exercise is popularly blamed, neither Les c 
( 1 93 I ) nor Dayus and Weighton (1931) consider it to be a main factor 
There is uncertainty concerning the reality of idiopathic pregn^n^ 
toxaemia as a syndrome distinct either from that following starvation 
or from the condition associated with progressive malnutrition I £ 15 
possible that fat ewes m full fleece may lose weight without this being 
apparent to the casual observer Nevertheless, a number of cases have 
been reported in flocks where there is no suspicion of malnutrition and 
where a reason for a sudden break in nutrition feeding is not obvious 


THE AETIOLOGY OF PREGNANCY TOXAEMIA 

I NUTRITION PREGNANCY TOXAEMIA 

Experiments have been earned out to discover whether deficiencies 
of either calones or protein will cause the condition . 

(a) Caloric deficiency—Kc&ucnon of food intake has been earned 
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r ' 751 “ « £3 

a i £S^:isr sia* *. ***?” 

inversely correlated with the frequency of 

ketonaemia: the ketonaenha produced by mrder-numuon was more 
frequent and severe in multiple than m smgle “f 
etl, 1938). Leslie (1933) has pointed out that the aVC f rag . le 8 j amb 
twin lambs is considerably greater than the weig manifes- 

average. Malnutrition has been shown to cause some of , the *??"“ , 
rations held to be characteristtc of pregnancy to-enna ahhough 
■Wallace (1948) failed to notice any of these characteristic g 
conditions of gross malnutrition. It is of .merest that the .cluneal ^s gm 
reported by Groenewald el a/. (1941) » South Afnca and by P«ry 
(1950) m Australia were of apparently greater severity than those 

reported in Britain (Fraser et al t 1938, 1939)- „ meliorated or 

The ketonaemia produced by these means can I9 38, 

prevented by increasing the ealone value of the ic ( •> 

1939; Groenewald el 1 , 1941). -hich is in 1 keepmg wtih the 
finding that cases arc prevented by ensuring t at t e p » 

continues to nsc during the latter part of pregnancy. , , not 

showed that the fatty Ever produced in experimental ewes could nm 
be distmguishcd from that found in field cases of the disease. |x«eme 
infiltration, however, can occur without clinical signs Hyperkctonae 
mic ewes in apparendy good health were found to _W hv«s 
infiltrated with fat, the nature and degree of mffltrat.0.1 fatt 

guishable from that seen in comatose ewes He «n^ 
infiltration is not a normal concomitant of pregnancy in he sheep. 
Similar findmgs have been reported by Roderick cl 
conclusion is at variance with the usu J ..itcrprctauon of ’die . fmdmg 
of Drycrrc and Robertson (1941)- Under conditions 
discount malnutrition or fasting, ihcse workers showed * t a n S c m 
liver total fat, mamly by an increase of the neutral lit f ' 3C “ n - 
during die third and fourth months of pregnancy reaching * 1 
value of about ,2 per cent total lipids. There was a mmkedfdl m * 
lodmc value of the fatty acids present and a decrease nr the moisture 
content of the Uver. Mnluplc pregnancy lrad no 

tration and there was no correlation between fiver fat and foetal growdi. 

Pregnancy toxaemia showed an infiltrauon only slightly greater tha 
the average for a healthy ewe at a similar state of pregnancy. 

Qualitatively the chaises are similar. Boll. Parry and Groenewald 
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concluded that the clinical picture produced was the same, but Fraser 
and his colleagues were more cautious. 

(b) Protein deficiency — Most workers arc in agreement that the 
protan content of die diet has no effect on the occurrence or seventy 
of kctonacmia and the effect of a protein supplement fed as a pre- 
ventative is due to its calorific value rather than to any specific factor. 


2 STARVATION PREGNANCY TOXAEMIA 
This occurs naturally when animals arc suddenly deprived of fo°d 
(Fraser ct ,il , 1938, 1939, Plnlhpson, 1950). Philhpson (J950) has made 
a tentative suggestion that there may be two t>pcs according as to 
whether the animal was previously on a lugh plane of nutrition ot 
mere y on a maintenance ration. He reports that sheep starved after 
a attemng ict showed more marked clinical signs but a lower ketone 
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onset is relatively sadden; in the one, failure to eat is unintentional 
on the part of the ewe, whereas in the other, food, though available, 
is not eaten. No information from field cases is available to indicate 
whether this loss of appetite occurs before or after the development of 
ketosis. If the loss of appetite conies first, the ketosis can be considered 
as a primary fasting ketosis. There is no a priori reason for dismissing 
the possibility that ketosis itself may be a case of loss of appetite (Fraser 
et al. t 1939), as may be the case in nutritional pregnancy toxaemia, after 
which may follow any event which may be considered as sequels to 
fasting perse. Fraser ct ai (1938, 1939) showed that ewes fed to over- 
fatness and kept in close confinement throughout gestation showed 
partial loss of appetite and if multigravid some degree of ketonaemia, 
but without clinical symptoms. Reid (1958) cites unpublished 
experiments by Weston which indicate that the ad libitum intakes of a 
variety of diets are the highest intakes of which the animal is capable 
and that appetite may be largely controlled by rate of passage of 
digesta from the rumen. Further observations showed that the intake 
of roughage in late pregnancy by ewes carrying twins is less than that of 
ewes bearing a single lamb. Earlier Gordon and Tribe ( 195 1) reported 
that, in very fat twin-bearing ewes, the voluntary intake of food in the 
last month of pregnancy may fall by 20-40 per cent. This reduction 
in food intake may be due to marked compression on the rumen due 
to the large volume of the amounts of fat present in the abdominal 
cavity of very fat ewes (Dlaxtcr, 1957). Reid (1958) suggests that if 
reduction in rumen volume lowers appetite in late pregnancy, feed 
intake may fall below the required level, particularly in very fat ewes 
carrying twins and this could explain the greater susceptibility of over- 
fat ewes to pregnancy toxaemia even when ample high quality feed is 
available to them. 

There is little doubt that a preoccupation with the study of ketosis 
has tended to overshadow the study of die changes during starvation 
and from this brief account of so me of the previous investigations it will 
he seen that the evidence is not yet fully adequate for the unequivocal 
conclusion that the field and experimental diseases arc die same. 
Nevertheless one feels justified in saying that: 

(a) The conditions produced by starving a sheep at the end of 
gestation arc the same as starvation pregnancy toxaemia. 

(b) Nutritional pregnancy' toxaemia resembles the condition pro- 
duced experimentally by fccdiug a diet inadequate in calorific value. 
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(c) Idiopathic pregnane} toxaemia has not been reproduced « 

the laboratory' The cviJcncc is inadequate at the moment 
conclude that it is in fact a different condition from starvation pregnancy 
toxaemia ^ 

(d) Nutritional pregnancy toxaemia and idiopathic preg ; 
toxaemia become complicated always by a fasting ketosis 

(c) Previous environmental factors of which the nature of t * c 
is one arc likely to be of importance m determining the extent 0 
quantitative changes on fasting and any quantitative expression o 
clinical picture 


STUDIES RELATING TO SYMPTOMATOLOGY 


The weight of evidence both from the field and from the laboratory 
is sufficient to make it appear highly probable that an absolute calo ^ 
deficiency is the immediate cause of pregnancy toxaemia, lrrcspcctiv e 
whether it is a progressive deficiency due to the unmet and increasing 
demands of pregnancy, or whether it is a sudden and comp ct ^ 
deprivation of food Biochemical work ts at present bang carnc^ 
out m many laboratories in an attempt to provide a satisfactory ex 
planation of the clinical manifestations These studies arc not yet at a 
stage where any but tentative conclusions can be drawn, and c 
following comments arc intended as an indication of some of c 


seemingly more important trends of thought , 

Because ruminants appear to be particularly susceptible to c 
development of ketosis it has been suggested that hypcrkctonacmi* 
may be a reflection of the potentially ketogeme nature of ruminant 
metabolism The fermentation of polysaccharides in the rumen 
produces a mixture of volatile fatty acids, consisting mainly of acetic, 
propionic and butync acids, two of which are potentially ketogenic. 
Glucose, which acts not only as a metabolic substrate but also as a 
precursor of oxalacctate necessary for the oxidation of acetate an 
butyrate via the tricarboxylic acid cycle, must largely be derived fro 01 
propionate and by glucogenesis from protein Hence alterations i» 
the ruminal production, or the absorption, of propionate may also 
affect the metabolism of acetate increasing or decreasing its conversion 
to acctoaceutc (Jarrett and Potter, 1950) However, in view of * 
number of hypotheses concerning ketosis m ruminants which are based 
upon alterations m the proportions of volatile fatty aads produced 
m the rumen and upon ketogenesis from these aads, it should be 
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Fasting 



Adrenal 
hyperactivity 

j/' Decreased 

Gluco neogenesls glucose 


Hypoglycaemia 



utilization 
Hyperglycaemla^ 

Clinical signs 


Moderate 

hyperkeconaemla 


Fie 15 i Major physiological and biochemical events 111 the two 
principal pregnancy toxaemia syndromes (Reid, ip6oi, Anst J Agrtc 
Res II, 364 ) 


emphasized that there is no evidence to show that any appreciable 
quantities of volatile fatty acids arc absorbed during starvation (Rad, 
1950 . McClymont, 1951) The position is exacerbated during 
pregnancy by the fact due the sheep foetus docs nor derive much of its 
energy requirements from die oxidation of acetate (Pugh and Scans- 
bnch, 1957) Pugh (1953) produced evidence to show that hyper* 
hctonacmia m the fasted pregnant ewe is not the consequence of an 
unpaired clfiacncy of the metabolic steps of the tricarboxylic acid 
cycle ui either hepatic or cxtrahcpatic tissues. Kalmtshy and Taplcv 
(1958) have also shown tlut it was not a lack. of oxahcctatc I muting 
die utilization of acetyl cocxuymc A which produced ketosis and 
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Beatty and West (1955) demonstrated that ketosis is not ameliorate^ 
by oxalacctatc precursors. The possibility remains that it is an o 
production of acetyl cocnzymc A that produces ketosis. ^ 

A sustained hypoglycacmia is an essential predisposing ca _ 
pregnancy toxaemia. McClymont and Sctchcll (i 955 » . 

suggested that, at least in eases of pregnancy toxaemia fol 
sudden and complete fast, the clinical signs result “ on J a . 
dysfunction due to hypoglycacmia. Although this hypothesis 
supported by the evidence of the successful treatment of car ) ^ ^ 
with glycerol by mouth or with subcutaneous glucose injections ^ 
not sufficiently comprehensive to account for the general syndrom 


pregnancy toxaemia. .. j 

Reid (1960a, b, c) has provided a more elaborate and S^ cr , 
hypothesis which assumes that the metabolic syndrome is a dia 
one. He has succeeded in relating the major biochemical abnormal 
of pregnancy toxaemia (namely hypoglycacmia, hyperketonaen^ 
and abnormally high plasma cortisol levels) to each other and to ^ 
clinical signs, and this view is also supported independently by J 13 
matological evidence and by studies on wool-fibre nutrition. 


TREATMENT AND PREVENTION 

A wide variety of substances has been used therapeutically but non 1 - 
has proved to be really satisfactory in the treatment of pregnant 
toxaemia. An examination of the literature shows that among 
substances tested and found to be ineffective are glucose when ^ 
subcutaneously, intravenously, or per os, insulin, calcium chlon 
formaldehyde, adrenalin, sodium bicarbonate, members of the vitam 10 
B complex, wheat germ oil, normal sheep plasma when given 
venously or subcutaneously, sheep liver extract when given 
cutaneously or per os, deoxycortone acetate and acetylcholine bronu c 
However, glycerol, propionate and other glucose precursors g 3VCI1 
by mouth are fully effective in restoring both the blood gl uc05 f 
concentration and the ketone body concentration. In 
though, this is not attended by full clinical recovery unless the cWf 
treated in the earliest stages of the condition. The removal of 
oetuses will, of course, relieve the condition, and appears to be ‘j 
best course to adopt if ewes do not respond clinically to gly c<rr ° 
therapy within 24 hours. It may be necessary subsequently t0 
ench ewes with ruminal contents from another sheep. 
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There is now general recognition that pregnancy oxaemta is a 
nutritional disease which can he avo.ded by the correct management 
of the pregnant ewe. The husbandry measures required l to ensur 
that the nutritional requirements of the pregnant ewe are tamfhid vary 
widely with local conditions, and therefore it is not possibletolay 
down any set of hatd and fast rules. Moreover because one htow- 
ledge of the precise nutritional requirements oft the P r< 
soil extremely limited, it is similarly unposs.ble to describe the aim 
of such husbandry methods in any objective or definitive Wa J' J* 
cannot be stated, for example, what the intakes of. 
matter should be during pregnancy nor how these may be l^uenfd 
by environmental factors. In general terms It can only be stated “at 
the ewe should be well fed. particularly during the last' tbrd . ot 
pregnancy, that she should not be allowed to become overfat m early 
pregnancy, and that she must always be protected &om sudden 
shortages of food, and from sudden environmental stress. 
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CHAPTER SIXTEEN 


Helminth Diseases of Grazing Animals 

J. F. MICHEL AND C. B. OLLERENSHAW 

Life cycles — Physical faces of the amroumct-Host resistance-Fluc, nations m 
parasite popiilatms-The design of control measures. 


The helminth disease of grazing animals are not only a 
ofloss to the British livestock industry cosnng not less than ten nuUmn 
pounds per annum, but also represent an interesting and arge y 
unexplored field of study for the ecologist. The subject u de dt wit 
in thb chapter from the pomt of view of populauon dynamics because 
haVTs Jonly possible way of dealing with it. If it is d^t uuth 
inadequately it is because as yet only a few workers regard the 

subject from this viewpoint. . . , 

The present account wdl attempt to suggest a few general prmciplcs 
of hclndnth epidemiology and to illustrate these m terms of the three 
outstandingly important helminth disease problems, parasitic bron- 
chitis in cattle, fiisrioliasis in sheep and parasme gastroenteritis m sheep, 
the last a complex of several parasitic diseases due to varyrng com- 
binations of some eight genera of strongylo.d nematodes. The 
epidemiology of these three diseases presents an mterestmg range, 
fascioliasis and parasitic bronchitis being in many aspects at extreme 
\\ itli parasitic gastroenteritis occupying an intermediate position though 
only very little is yet known of single genera or specie. 


parasitic life cycles 

U may with some justice be argued that habits of thought arc unduly 
influenced by die devices of pedagogy and this may be true of the 
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manner in which the life cycle of parasites is often represented Tu o 
life cycles depicted in this manner arc shown m Figs 1 6 i and 16 2 
In the first arc shown the various stages in the development of Haenwii- 
chns eonterhn, the large stomach worm of the sheep Tile male an 
female adult worms live attached to the wall of the fourth stomach 
and suck blood The females lay eggs which pass out ill the dung 
The embryo in the egg develops and the first-stage larva hatches from 
the egg and feeds on coliform bacteria in the faeces After a time it 


ADULT WORM 



undergoes an eedysis and, now dignified by the title of second-stage 
larva it continues to feed on coliform bacteria A second eedysis 
takes It to the third stage but it rctams the second skin, presumably 
with the sole object of tempting parasitologists to conclude that it docs 
SO to protect it from desiccation The larva is now mfecnve I‘ 
™ ' u ,T 1 “ somc w °uld have it, climbs into the herbage 

When swallowed by a sheep it completes its second eedysis and burrows 
mto the abomasal mucosa. It undergoes two more eedyses before 
j” £a ° r 3dult sta S' The life cycles of the other species 
concerned m parasitic gastroentenns are very similar though Bmiosto- 
tn d ot,oce phalum is capable of penetrating the host’s skin Whether 
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this alternative mode of entry into the host is of great importance is 
however doubtful. 

The life cycle of Dktyocaulus vivipatus, the lung worm of cattle, is not 
greatly unlike that of Haemonchus. The adult worms are to be found 
in the smaller bronchioles. With their heads turned into the ciliary 
current they feed on the exudate which it brings to them. The females 
lay embryonated eggs which almost immediately hatch. The first- 
stage larvae are carried up to the mouth, swallowed and passed out in 
the faeces. The larvae do not feed and are sluggish in their movements. 
They pass through the normal three-developmental stages but never 
cast a skin so that the infective larva which may be recovered from the 
herbage coiled like a clock spring has no fewer than three cuticles 
which, however, appear to afford it only little more protection than 
the single skin of the first-stage larva. When the infective larva is 
swallowed by a calf it casts its outer skins, penetrates into the intestinal 
wall and finds it way into the lacteals. It is carried to the mesenteric 
lymph glands and passes into the venous blood through the thoracic 
duct. The first capillary bed that it meets is in the lungs and penetrat- 
ing into the finest bronchioles it undergoes two further ecdyses before 
reaching the imaginal stage. The worms are mature some 21 days 
after infection. The time taken for the migration to the lungs has 
been the subject of some controversy. In the case of Dictyocauhis 
filaria in sheep it has been adequately demonstrated that die larvae 
develop to the fourth stage in the mesenteric lymph glands and then 
migrate to the lungs about the eighth day. Recent data published 
by Poynter et al. (i960) suggest that D; viviparsts on the other hand 
migrates to the lungs about the second day while still in the third 
stage. 

The life cycle of Fasciola hepatica is shown in Fig. 16.2. The adult 
fluke lives in the bile ducts, and produces eggs which pass out with the 
faeces. Given suitable conditions the egg develops into a free-swim- 
ming larva termed a miracidium which penetrates into a snail; in 
Britain the snail intermediate host is Lyntttaea tmtcaiula. There the 
miracidium develops into a sporocyst which in time gives rise to 
rediae. Rediae produce ccrcariac either dirccdy or indireedy by 
means of daughter rediae. The ccrcaria is another free-swimming 
form, it leaves the snail and encysts on the herbage, the metacercaria 
thus formed surrounds itself with a tough protective coat, and entrance 
into die fmal host is achieved when the herbage is eaten. The cyst 
wall is digested in the intestine of the fmal host, the metacercaria 
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ADULT FLUKE 



emerges, penetrates the wall of the intestine and eventually enters the 
liver. There the young fluke grows, enters a bile duct and reaches 
maturity some 10-12 weeks after ingestion of tlie mctaccrcana. 

It will be seen that, m all of these life histones, the process of popula- 
tion increase takes place m more than one environment. The parasites 
cannot increase m number in the host nor can they increase m the out- 
side world. Only if conditions in both or in all three environments are 
favourable and the parasite can succeed in passmg from one environ- 
ment to the next is an increase in populanon possible. The admirable 
Circularity of these diagrams tends to obscure this extremely important 
orcumstance that the passage from one stage to the next is attended by 
ueadly hazards and is not just 1 matter of following the arrow. 

Most parasites arc extremely prolific. A careful calculation con- 
cerning the reproductive capacity of Hcamndms coillorltis has been 
made and its results are illuminating. If ,t be postulated that one male 
aeinonc us and one female Haemonchus on one thousand acres of 
pasture find conditions sufficiently favourable that they may reproduce 
lifi* eir . nor r * tc > if none of their progeny dies prematurely and the 

f qrclc u com P 1 «ed m five weeks, the adult worm living for a month, 
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then at the end of seven months the rate of increase °f*e"Would 
be such that a layer of worms on the thousand acres would ^™reasmg 
in thickness at such a rate that the “P of * ™ be conclud J that the 

conditions of husbandry. - . . r . nra ductive 

A heavy mortaHty is the necessary corollary of a ugh ‘ 
rate and the study of helminth epidemiology is c Y ^ p 
causes of that nJrtahty. ** * ** f 

a particular 

into processes or phases or two kinas. y anther In 

environment and transport front one environment to "r.^In 

each of these phases different causes of morgtty op 

tion is limited to the parasitic stage of the life cycle and tne p p 

at any subsequent stage depends on 

Populations of the non-reproducing stages o t le p competi- 

but not increase and are not subject to popu ation pr ’ p c _ 

tion for food or to predators to the same extent as are completely tree 
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Fig 16 4 A diagrammatic representation of the life cycle of Fasciola hepat< ca 


living species In consequence it is the effect of physical factors on 
mortality that dominates the dynamics of populations of the frec-hving 
stages 


PHYSICAL FACTORS OF THE ENVIRONMENT 

It is difficult and may be misleading to consider different physical 
factors and their effect on parasite populations smgly for they are inter- 
related Yet in a discussion such as this it is inevitable It is axiomatic 
that the factors of greatest importance to the ecologist are those whic 
m their action on the organism are the most variable The phy sl 
factors which largely concern the helminth epidemiologist are climatic 
The free living forms under consideration, however arc not directly 
exposed to the effects of the chmatc Free-living existence starts m 
t e aeces of the final host The microclimate within the faeces diff ers 
torn that surrounding the fheces This the microchmate amongst 
* 1C er a S c I s ui turn not identical with that of the air above 
herbage may be visualized as acting as a buffer between conditions i» 
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* * -i .1. »i. =» 

.mongs, tb= hfibag. diffsts ‘om ^m & dense and tall it wit 

nature and state of the herbag . var i a don in humidity, 

be more effective m reducing Qr diort. wind may, 

temperature or Ught intensity ^ destroying the microclimate. The 
however, be an important factor J ^ te j u ^, t h e 

volume of the faecal microclimate among the herb- 
effect on the parasite of “ £S %vffl offer mu ch greater resistance 

age. For example a pat of cow tae sme ar of 

to desiccation or temperature changes than win 

diarrhoeic faeces or a sheep pellet. temuerature and mois- 

- --a o.»dido.. ,» -r ,‘S5L» .,»= 

ture, are of outstanding importan . ^ ^ there u a range 

of parasite to temperature vary. devc , opment are direcdy 

within which temperature an , nre regions in which 

related. Both above and below this range Beyond these 

there is no development but the parasi e is different species in 

limits death results. Differences °““^g“SSortance 
the limits, especially the lower limits, depends on the ‘ecolo- 

of temperature in the case of a particular P«^ c pend o 
gica! temperature zero’ ofte^^^*h^ “ P M , fi* 
at which development cannot be c p prevent 

example, that of ******** itis'solow 

development in most winters. ^ retard develop- 

that development is o^necessity decrease 

ment, however, in a dwindling popui i f This is 

the number wHch succeed in completmg that development. This 

discussed further in another section. it „ ith w Hcli this 

None of die frecJivmg fXltmit ,Edo», indeed some 
chapter is concerned is completely . . i, lltn Mitv are liable 

K- \ i Moreover, fluctuations in humidity are uaoit 

arc highly susceptible. ^ fluctuations of temperature 

to be more Violent and ntcgular diurnal variations 

4, .FSt.. 

“ f*. T1« 

die larvae aedvdy migrate from me tacccs or 

^Muchattcntion lias been directed to the question of bow the infeedv 
attenuon „ that unless they come to b 
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this circumstance has led to the assumption that all infective larvae 
climb into the herbage and that this activity is directed by toxis t is 
gradually becoming evident, however, that not all larvae are active 
and it is contended by some workers that random movement v* 
adequately account for the conduct of those that are The term 
‘migration’ now used in this connection may m time be replace y 
‘nomadism’ 


HOST RESISTANCE 


Dunng its development and reproduction m the final host the 
parasite may also be subject to considerable environmental resistance 
due primarily to the defensive mechanisms of the host Sheep do not 
appear to develop any resistance to Fasciola hepatica infections, but nos 
resistance plays an important part in the epidemiology of nematode 
infection. 

The phenomena of host resistance to nematode infestation do not at 
first sight appear to conform to any pattern or system Especially J* 
this so if, as is customary, resistance or immunity is regarded as a sing‘ c 
entity It would seem, however, that a number of distinctions are 
useful Thus one may distinguish between acquired resistance, wbic 
is a consequence of infection and what might be called natural resistance, 
which may appear even in a host a nim al that has never had experience 
of infection. In. this second category could be placed resistance 
due to age alone or to constitutional or nutritional causes Thoug 
age, nutrition and similar factors may also have an effect on the 
manifestations of acquired resistance the term natural resistance as 
used in this sense would not imply a defensive mechanism provoke 
by the parasite Sandground (1929) regarded age resistance as no 
more than a parasite finding that an old member of a slightly unsuitable 
host species was in deference to von Baer, more unsuitable than a 
young member 


Acquired resistance also should not be regarded as a single entity 
A more useful approach is to visualize it as being composed of a 
number of separate manifestations which are only loosely or indirectly 
connected one with another Thus the infection may be terminated 
by the spontaneous elimination of adult worms, a mechanism termed 
scit-cure The phenomenon called ‘inhibition of development 
retards or suppresses entirely the growth and development of immature 
worms That known as protection’ prevents newly acquired worms 
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from becoming established toZ^l 

which ate also only indirectly related l to , “ 0 of 

festations of acquired resistance are JLa though 

complement-fixing .nnbo^ m the blooded ^ self . 

the last appears in some cases to 

C “lt is useful to regard these mamfestatiomas 

they differ not only in their effects u ^ capa ble of one 

development and P«sistence so drat an anun^^ that these same 

is not necessanly capable of anoth . PP y ciat ions between 
manifestations of resistance are discermble m all ass differences in the 
nematodes and mammals, but there are q different host- 

relative effectiveness of the various mechams^ m “t n ^ 
parasite systems. These quantitative ““ underlying common 
ance of qualitative difference and obscure * 3L weeks 
pattern. For example a local days after 

after first infection of a bovine wit ■ ■ J* sheep however, a 

reinfection. In the case of D- filana ec of a first infection 

pulmonary oedema can only be produce as a jjg* erence hi the 

(Michel, x y 954 ). This difference is -tnbuubicm ^fScted calf 
effectiveness of the protection mechanism. , In the 

sufficient larvae wiU reach the lungs Qn ^ ot j ler hand, 

lamb with previous experience of D.fi ^ j The prote ction 

hardly any worms contrive to Jp would, however, 

mechanism in Dictyocaulas ffiafagZt H ^.^insinthe 

seem to be much more powerful S • • 1 se lf-cure in 

sheep. Thus reinfecdon with a massive dose will tecdon 

anitifecdon o£Haemonchus-,m an infestation of D. J .P t 

and, in some measure, theinliibidonofdevelopm^t nuke t ex^mely 

difficult to increase the mass of worms present and self-cure canno 

p “£.“ — pa, ; as sess 

epidemiology of parasitic diseases for they determineboth 
to the parasite’s development and reproduction in the tost and also 
status of the host animal as a source of pasture con pattern 

The protecnon mechanism exerts a profound niftuenee on th pan™ 
of population increase. Broadly speaking ;,one may 
two such patterns. If the time required for the ***£“?* 
protecnon mechanism is shorter than the mmunum P“ lod “ 
the life cycle can be completed, then a sustained bulld-up of population 
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as between the pasture and the host will not be possible, the host being 
refractory to infection by the time it is contributing to the her age 
infestation The worm burdens in the host will depend there ore 
on the level of the herbage infestation to which the host was expos 
when its protection mechanism was soil in a poor state of deve op- 
ment The epidemiology of parasistic diseases m which this relation 
ship obtains will be characterized therefore by sudden exposure to 
heavy herbage infestation and the infection process will take p aCC 
over a short space of time , 

If the minimum period required for the completion of the e 
cycle is appreciably shorter than that required for the develop- 
ment of protection, the host animal will be able to reinfect itself an 
the worm burden ultimately resulting will depend not so much on 
the herbage infestation to which the animals were first exposed as 
the extent to which, over a fairly long penod of tune, the eggs oc 
larvae passed in the faeces succeed in becoming infective forms on t e 
herbage. 

The times required to develop protection on the one hand and to 
complete the life cycle on the other are not fixed Both may 10 
certain circumstances be affected by environmental factors Thus, to 
quote just two examples, the development of protection may m some 
instances be retarded or accelerated by the nutrition of the host animal, 
while the rate of development of the fiee-hvmg stages may vary very 
widely according to the temperature Moreover, the two rates are 
interrelated smee the development of protection depends on the rate o 
uptake of larvae from the pasture These relationships may be expectc 
to modify the two basic patterns of population increase which have 
been outlined. 

The characteristics of the host as a source of pasture contaminate 0 
may also be regarded as broadly conforming to one of two patterns 
In the first of these protection develops rapidly and is effective, and the 
spontaneous termination of the initial infection leaves little or no 
residue. The output of infection in the faeces will therefore be short- 
hv cd and annuals winch have thrown off the infection will be only an 
intermittent source of pasture contamination. The second pattern 1S 
seen where the infection is not abruptly terminated by self-cure or 
where a substamul restdue remains and reinfection or a large reserve 
ot inhibited forms will ensure that there will always be some aduu 
w otms present. In consequence every animal which has experienced 
tnlcction is a constant source of contamination. 
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FLUCTUATIONS IN PABAS.TE POPULATION 

The operation of envi— al ^^“fct^tion 
the parasite will tend, to produce an Q £ Uvestock husbandry 

fluctuations, for bodi climate an t C P are 0 f ten too low for 

show seasonal changes. Winter temp c umme r may be too dry 

the development of the free-living stag • hud once a 

for their sLival. Susceptible amWscntcrtim ^ 

year, lambs being bom at a partic spring. Nutritional and 

the winter and turned out to grass in the tptmg- 
physiological changes also follow a seaso p . populations 

Superposed on a basic seasonal perioiaty m that 

are sudden fluctuations of an interesting j t b as .J s o been 

the great majority of ftee-livmg mivi by ^onmental 

shown how this mortality is gt Y , cnvironme ntal resistance 
factors. This situation of a normal y g ^ thousands must 

resulting in the survival of only one m mta l resistance will 

imply L a relatively small decrease in if in 

very gready increase the P °^ 00 o individuals perish, then if 

normal circumstances, 9.999 m every . mortality is reduced 

the environmental resistance decreases sc ’ ^^“"wil! perish 
by only one-tenth, 8,999 m bc thousand times as 

and the residual effective populatio environmental resistance 

great as normal. The effect of an mcrcase , xarnp l ej we were to 
is not so spectacular for, if m our hyP° , tllc num ber of 

double the normal mortahty we s o : n Jnvironmental resistance 
survivors. It is clear that a small decrease Moreover, such con- 
may result m a very great parasite pop a . e 3 p Er j 0 d of the 

ditions need operate only over a short .peno p re J.]iving develop- 

same order as the normal duration of the parasites 1 S 

If changes in worm populations are die 
a seasonal periodicity and haphazard increas follow that a high 
environmental resistance, then it wo s . buoblc to gradually 
population in any given year will no influence the level 

increasing populations inprevious year norwdl « nti „ 

of the population in subsequent years. All tne ew 
confirm this conclusion. 
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THE DESIGH OF CONTROL MEASURES 

It will be clear from the account that appears in succeeding chapten 
of the three major helminth diseases that a complete understanding o 
their epidemiology has not yet been aclneved A number of general 
comments appear warranted, however, regarding the elaboration and 
eventual application of control measures 
Thus it is necessary to distinguish between measures aimed at 
eradication and those aimed at control. It has been shown in an earlier 
section that parasites suffer a very high mortality at every stage of their 
life cycle and that in consequence great m creases in population may 
result from a small decrease in environmental resistance It is the 
function of control measures to stabilize that high mortality and to 
prevent those population increases which arc the cause of disease 
That eradication measures, inadequately earned through, constitute 
a form of control is common fallacy based no doubt on the view that 
the control of parasitism consists of ‘breaking the life cycle* at some 
convenient point. A complete break, were it possible, would lead to 
eradication. A break which was not complete would not necessarily 
affect parasite populations For example, a reduction in numbers o 
an intermediate host would be effective only if the density of the inter- 
mediate host were indeed a limiting factor in determining parasite 
populations Again measures designed merely to reduce the opp° r " 
tumty of an animal to reinfect itself via the pasture would have an 
effect only if outbreaks were the consequence of such reinfection- If* 
however, the development or persistence of an acquired resistance 
depended on contact with reinfection then such measures rxugh 1 
increase the nsk of rinrayy. 

Most environmental factors exert some effect, directly or indirect!), 
on more than one process or pliasc of a parasite’s hfc cycle and this 
effect is rarely the same on all Tr nnnn r k- therefore, to 


make deductions or devise control measures on the basis of an under- 
«an g of the bionomics of a single phase or stage. Such deduction! 
menu ) contain far-rcaching assumptions concerning the rest of 
CC \ C . Accordmgly deductions regarding possible control measures 
mu,, be Wdoaw adequate undemanding not only of all the F tocc«> 
mtohed U the hfc cycle but alio of the nuance in which thoe p/“* 
r “ c '“ tcd OIlc “ another the whole is t cry much mote tb» 
r~ “ F“ u “d <7 deimological icaearch mint be concerned 

"tth component para of the hfc cede itudicd in notation bid 
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agricultural criteria, are essential. r base d on only a 

If deductions regarding control nieasm to the rem ainder, so 

single phase or process considered , • r dj„g isolated factors, 
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conditions or practices which are fa integrated system of 
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lection of inadequately defined belie different methods, one 

policies may be poss.ble wluchmay ^ mother lims 

perhaps aiming at controUedexpos dal that a sing l e po Ucy 

at complete freedom, from infection, concerned, 

must be followed and its basis clearly understood by ah , c™ 

It is to be foreseen that when control policies cm be ■ fo: " d ™ 
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At present it seems improbable mat me co p 
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CHAPTER SEVENTEEN 


Parasitic Bronchitis 

J r MICHEL AND C D OLLERENSHAW 

Bionomics of free-living stages— Crazing behaviour — Translation — Survnal—Tlte 
parasitic stages — Acquired resistance — Population studies — Hush m itdult cattc 
Control 


BIONOMICS OF FREE-LIVING STAGES 

It will be evident from the discussion outlined above that the basis 
the peculiarities of the epidemiology of parasitic bronchitis must ® 
sought in the detailed phenomena of the bionomics of the larvae an 
of host resistance 

Perhaps the two outstanding qualities of the free-living stages ate 
their inactivity and their propensity for dying These circumstances 
were reported by Michel and Rose (1954) who showed that there 
was always a very great initial mortality, up to 98 per cent perishing 
in the faecal pat within a fortnight The rate of mortality tended to 
decrease and the declining larval population followed a smoot 
exponential curve, no apparent change in the rate of mortahty being 
associated with different developmental stages Apart from the heavy 
nutial mortahty the larvae are highly susceptible to desiccation and 
first, second and third stages are equal in this regard As shown by 
Rose (1956), however, the different stages do differ in their reaction to 
reezmg the third stage being somewhat more resistant The enu 
temperature for development is surprisingly low and development wdl 
Uke place slowly even in winter When at a temperature of 25 C 
development to the infective stage takes three days, it may requite 
twenty-six days at 5 0 C 
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The larvae, then, tend to dwindle rapidly. They develop at almost 
every season and there is no resistant stage in which the larvae can per- 
sist during unfavourable times. The inactivity of the larvae and their 
failure to migrate from the faecal pat are striking. Michel and Rose 
(1954) showed that no more than one-half per cent or fewer of the 
larvae present succeeded in migrating from the undisturbed faecal pat 
and on to the herbage and in nearly every case all of these were less 
than five centimetres from the pat. In such a situation the larvae 
is unlikely to be picked up by grazing cattle and indeed the only 
possible suggestion, namely that in order to become infected cattle 
must ingest bovine faeces, raises some difficulties. Experiments on 
the grazing behaviour of catde in relation to faeces show, however, 
that it is only when the faeces are in the form of obvious pats that they 
are reliably avoided by grazing cattle. Small particles of faeces or 
thin smears on the herbage appear not to be so readily recognized. 

The effect of factors tending to spread the faeces over the herbage has 
been studied by Rose and Michel (1957) who concluded that the con- 
sistency of the faeces are of considerable importance, diarrhoeic faeces 
contaminating a much larger area than those of a normal consistency. 
Mechanical agencies such as mowers, harrows and the feet of cattle are 
also very effective in disseminating faeces, but it is evident that larvae 
widely spread in these various ways are more susceptible to desiccation, 
freezing and the like than larvae in faecal pats. Undisturbed faecal 
pats can in fact serve as a reservoir of infection which can be made 
available at a later stage by mechanical means provided that climatic 
conditions have left the pats in such a state that they can be spread. 


GRAZING BEHAVIOUR 

It is clear that it would be incorrect to think of larvae available to 
the grazing animal as larvae on the herbage. The larvae are in the 
faeces and the faeces are on the herbage and one must distinguish 
between deposits of faeces winch are liable to be ingested and those 
which are not liable to be ingested. Experiments described by Michel 
( 1 955<j) showed that grazing cattle consistently picked up fewer larvae 
than were present in random herbage samples taken by a standard 
procedure and that even when the samples were taken with the 
deliberate intention of avoiding what appeared to be contaminated 
herbage, they still contained a greater concentration oflarvae than the 
herbage selected by die calf. 
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More recent data have shown that even random herbage samples do 
not provide an absolute measure of the level of infestation on the 
herbage Sampling herbage and unrecognizable faeces implies a 
subjective judgement on the part of the observer and it appears that 
differences in the state of the herbage will have an effect on the process 
of herbage sampling more marked than its effect on the selectivity o 
grazmg Moreover, the extent of the process whereby larvae in the 
faeces become larvae on the herbage appears to influence the relation- 
ship between the numbers of larvae picked up by the observer in 
random samples and by the grazmg calf, the observer picking up 
relatively more larvae in his random samples when larvae in faeces 
have been successful in becoming larvae on herbage Variation in this 
relanonship is not unduly great and a tolerable correlation may he 
shown between assessments of the concentration of larvae on the herb- 
age and the infestation acquired by a calf The dependence of the fate 
of a calf on the herbage count which it first encounters will be further 
discussed below 


TRANSLATION 

An understanding of factors leading to the creation of high herbage 
infestations is essential to a knowledge of the epidemiology of lung' 
worm disease It has been shown in a variety of ways that the relation- 
ship between the numbers of larvae being passed on to the pasture ui 
the faeces of infected animals and the resulting herbage infestations is 
extremely variable (Michel and Parfitt, 1955) so much so that the 
process whereby larvae m faeces become infective larvae on herbage, 
for which the term ‘ translation’ has been used (Spedding and Michel, 
I. 1 * rc S art ^ ei ^ ^ °f paramount importance Indeed it may he 
said that the actual number of larvae being passed on to the pasture 
SKtano 161411 ^^ umtn P orUnt part in determining the level of 


Various means of measuring this process have been used for purposes 
ot comparison and there is evidence to suggest that its magnitude is 
related to the rate of herbage growth The complex trains of causa- 
mvo ve in the effect of the climate on the process of translation 
s ov.-nmFig 17 1 ^ to become infective larvae on the 

nerbage the latvae in the fhecet must be mechanically earned on to 
develop and they must survive The rate of 
growth of the herbage influences not only the consistency of the 6c 


460 



Parasitic Bronchitis 



and thus the extent to *ltiM survival, 

siderable beatmg on the numbers reac g of thc d CV elop- 

larvae die off at a handsome pace If infective larvae resulting. 

mental period ^ decree the extended 

devclopmcn^ C pcriod woitl^have the freezing^ ^ ^ aIVaC 

for a longer period at a ^“““^X^nttS'torvards the 
Robinson (1962) has made an mteresung ; co 0 ( Dict yo- 

cxplanation of die svormTarv^hcobscrvcd 

can Jus vivi pants. In rouanc cultures b 




Weeks Weeks 

Fig 17 2 The effect of an extended developmental period on the numbers of 
D vwiparus larvae reaching the infective stage 

the development of sporangiophores of the phycomycetc fungus 
Pilobtis on the surface of bovine faeces A characteristic of Pilobus is 
the violent discharge of the ripe sporangium which may travel up 
ten feet He noted that larvae migrated to the upper surface of the 
sporangium and were earned on discharge an appreciable distance 
from the faeces In a single expenment earned out in the field, active 
larvae were recovered from vessels placed at distances of up to ten fe et 
from the faecal pat 

Robinson points out that if this association is widespread, it must 
represent a significant factor in the epidemiology of parasitic bronchitis 
and the results of his extended investigations are awaited with interest 


SURVIVAL 

Conditions favourable for translation are not always similarly 
suitable for survival Nor are good conditions for survival ncces- 
sanly suitable for translation In early summer, for example, very high 
herbage infestations may arise from small numbers of larvae in faeces 
but these high herbage infestation s are unlikely to persist In winter 
the creation of high herbage infestations is extremely unlikely but 
emting herbage infestations generally survive well Fig 17 3 15 " 
"Tf* 7 rc P res entation of the herbage larval count on a hypothetical 
in ° n t0 f W ^ c k same number of larvae are passed every day 
m the faeces of calves grazing on it. 
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The period of survival of the larvae on a pasture is clearly not easy to 
letermine. The general pattern of decrease implies that any definition 
)f the survival period must be coupled with the criterion of presence 
ar absence to be employed. With the passage of time the number of 
larvae present will decrease, the rate of decrease becoming ever less. 
An answer to the question, how long will Iungworm larvae live on the 
pasture, will therefore depend entirely on the context and depend on 
the significance of very small numbers. The survival period is, of 
course, also largely influenced by climatic conditions, being shorter in 
dry conditions than in moist. It may be said that a pasture which has 



17-3 • Fluctuations in the level of herbage mfestahon on a hypothetical 
paddock on to which equal numbers of £>. vimpems larvae arc passed every 
day m the faeces of infected cattle. 


been free of cattle for two montlis in summer or for four or five 
months in winter is unlikely to he carrying a dangerous infestation. 
Similarly after three or four summer montlis or after six to cightmonths 
the numbers of larvae it might be carrying will be so small as to be of 
no significance unless very unusual methods of husbandry arc adopted. 
Normally, of course, herbage infestations disappear more rapidly than 
this and one should think of the appearance of Iungworm larvae on 
die pasture as a transient phenomenon. 

It would be wrong therefore to think of the pasture ax a great and 
constant reservoir of mfcction or as die source of Iungworm infection. 
It is far more useful to dunk of grassland as the \ chide by means of 
whuh infection is transmuted from one animal to another. 
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THE PARASITIC STAGES 

A typical infection of D m ipartis is short lived It is spontaneously 
terminated fifty or sixty da>s after infection by the elimination of the 
adult worms and thereafter the animal will resist reinfection to the 
extent that if it is rcmfcctcd die new worms do not grow to maturity 
and no larvae will be passed m the faeces All animals that have been 
exposed to infection arc not, therefore, from that time onward a con- 
stant source of infection However, immature forms inhibited in that 
development will not be eliminated when the infection is terminated 
and may subsequendy develop slowly, so also may the small numbers 
of larvae that may succeed in becoming established in the resistant 
animal exposed to reinfection Moreover, animals which encounter 
light infection — that is, not sufficicndy heavy to cause disease may 
carry small numbers of worms for considerable periods Thus, 
although all older catdc arc not a constant source of contamination, 
they arc liable to be an intermittent source and the importance of the 
earner animal can hardly be overemphasized Camer animals, dis- 
cussed first by Wetzel (1948) and later by Michel and Shand (i 955 )» 
Michel (1955b) and Michel and MacKenzic (1956), became the subject 
of a study of matenal from a knackery in the west of Scotland by 
Jarrett et al (1955) and Cunningham ct al (1956) who found that an 
appreciable proportion of catdc were harbouring lungworms even 
after spending the winter in conditions precluding the possibility ° 
reinfection Animals that had enjoyed only one grazing season were 
the most likely to be acting as earners especially if they had not been 
clinically affected 

Certain it is that the parasite may survive on a farm at a low level f°* 
many years without ever giving rise to recognizable disease Though 
arms entirely free of the parasite do appear to occur they are extremely 
rare and it is best to assume that the worms arc present on every £rm 
w ere catdc are kept. One may indeed divide farms into two cate- 
gories from the point of view of lungwonn infection On soma 
cumcal husk occurs every year m cattle in their first grazing season. 

ot hets chmea 1 husk occurs only rarely but may affect any age 
group This circumstance would suggest that animals which have 
experienced the infection become resistant. It suggests also that age 
Hone does not produce a resistance to the parasite Both 
conclusions have been confirmed and amplified by laboratory 
experiments It appears that both young and old animals 
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equally susceptible to 

from this, however, that the reaction of young 
Dictyocmiks infection is identic m a respe • 0 f 

As yet there is no direct ev, deuce that a (hat they 

nutrition affects resistance to l u "|Pf orm r 5 r st infection. There 
certainly do not influence the establishment * those 

are indications, however, that ° f^r ‘pidly. Such 

in good bodily condition may be et lmonary oedema and 

animals also appear more hable to ueveiop v 
emphysema as a result of lungwotm infection. 

acquired resistance 

appears that the protecuon ^ ^ bccome cstab lished in 

fcstation. Only very small n . from tbc disease (Michel, 

the lungs of ammals that have The fate 0 f l arva e which 

I955!>. 195 6a\ Rubm andLuckcr, 95 J^^st ^ ^ ^ cwire i y c l ear . 

fail to become established in the r showed that equa l ninnbcrs of 
Michel (1956b) working mescnteric l ymp h 

worms are recoverable fr0 “ . hJc on l y f ew can be recovered 
glands of resistant and susceptible Similar results were obtained 

from the lungs of the resistant mice Similar results ^ ^ ^ 
in rabbits and m lambs m&ctcdi uP f ^ db ] c l ambs decreased 

number in the mesentcnc lymphg , , , bc r C was no increase 

while those in the lungs increased. Memwhd^ the C ,I bs . Futt her 

- ,i« iiutufccji * ... “*'S‘ «-»»y ]«t 

» — • *-* ~ 

takes place earlier it has been shown by \ su ^ cp[1 ble and 

th l^dSlumubtin S ,0 show that it is the immature 
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stages of the parasite tint arc responsible for cheating protective 
immunity From experiments with D filana m which worms wen- 
transplanted from one lamb to another at different stages and in w i 
the infection was terminated at different tunes with the aid of an 
minucs it appeared that the part of die infection due w as csscn to 
protection lay between the lodi and the I7di day. In the ease o 
D vtviparus also it is an early stage of die infection that produces 
resistance to reinfection Tins is the basis underlying interesting 
developments due to Jarrett and co-workers. It had been shown y 
several workers that nematode larvae could be attenuated by means o 
X-rays and that such attenuated larvae, though infective, would 
to complete their parasitic development. Gould et al (i 955 ; 
showed that animals which had been infected with irradiated larvae 
of Tnchinclla spiralis were subsequently resistant to reinfection. 

This principle Jarrett et al (1958, 1959, i960) applied to D vivtpJU* 
and found that it was possible to select a dose of X-rays which wo 
permit the development of virtually no adult worms when irradu 
larvae were administered to calves but which rendered the calves 
resistant to reinfection. Jarrett et al assumed that their irradiated law ae 
perished in the mesentcnc lymph glands and that this was the site 0 
antibody formation They held that the presence of dead larvae m 
the lymph glands was particularly effective in producing resistance 
It has since been shown by Poyntcr et al (i960) that irradiated larvae 
are just as successful as normal larvae in reaching the lungs and that it 
is m the lungs that they perish. Jarrett et al found that a single larS c 
dose of irradiated larvae gave a good measure of protection but that 
two small doses not only gave rise to much less significant symptom 5 
m the calves but also produced a more useful measure of resistance. 
This work resulted in the development of a husk vaccine which is now 
widely used 

The protection mechanism develops fairly rapidly when a calf is 
infected Fig 17 4 shows the development of protection m calves 
which received on day 0 a dose of infective larvae sufficient to produce 
fairly severe disease The development of protection does not appe^ 
to depend in any way on whether self-cure has occurred Clearly * 
would be wrong to think of an animal as becoming resistant, throwing 
ottus infection and thereafter being rcfiactory to reinfection 

lhe inhibition of development in Dtciyocaulus infection has been 
discussed by Taylor and Michel (, 953 ) 'and Michel (WS*) 
onset of this mechanism is rapid. Indeed, even when only a single dose 
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Days 


o Jmrana. Protection is expressed as 

_ , wor ms estabUshed m n isnttntminnd^ 

T “ (^TSSHtoEdiHTS^ble control; 

• a •• a susceptible calf, a few, perhaps the last to 

of larvae is adimrns w ^ th c normal rate. These are not 

eSdnaTed vvh^ the infection is spontaneously terminated and may 
SK lungs for considerable periods of mne In consequence 
persist m tiic l b to infection should be regarded as a 

potential Source of contamination though the number of worms it 

“llulmonary oedema -which is associated with theextreme symptoms 
of parasiticbronchitis might also, with some justification, be regarded 
as a manifestation of acquired resistance. In experimental infections 
(Michel 1954) pulmonary oedema and emphysema, the fog fever 
syndrome as it is called, tended to appear three weeks after a first 
infection or twelve days after die adnuiustrauon of 1 large dose of 
larvae to an animal that had had previous experience of infection. In 
some cases it appeared about die time of or a htdc after the spontaneous 

lerminadon of the first infection. _ 

Two syndromes occur in parasitic bronchitis but it would appear 
that it is not possible rigidly to dmmS“t* .between typical husk as 
seal in the calf and atypical husk as seen m adults. Coughing may be 
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regarded as a symptom of mild husk and dyspnoea associated 
pulmonary oedema and emphysema, the fog fever syndrome* u * 
symptom of severe husk but both syndromes may occur m calves an 
m adults and a single individual may exhibit both during the course o 
the disease , 

It lias been shown by Jarrett ct al (1955) and by Weber (i 95 ®) * 

anubodics can be demonstrated in the blood of calves uifccted wi 
lungwornu by means of the complement fixation test using an anugtt 1 
prepared from adult worms. Jarrett and lus colleagues dcinonstrat 
moreover, that a passive immunity could be produced in calves by tn 
mtrapcntoncal admmmrauon of gamma-globulin prepared no 01 
blood neb m these complement-fixing anubodics which they therefore 
assumed to be protective It lias since turned out, however (M* c ® 
and Cornwell, 1959) tint the results of the complement fixauon test 
using an adult worm antigen show no corrclauon with protection as 
measured hdmmthologtcally It must be concluded that anubodics 
which will combine with anugens made from the tissues of ad c 
worms are not protccuv c In a large tml of the immunizing property 
of such anugens Jarrett ct al (i960) confirmed this view producing 
only a very slight resistance 


of 


Recent successes in the m vitro culuvauon of the parasme stages 
nematodes (Weinstein and Jones, 1956, Silverman, 1959) may jusufy 
the hope of imminent progress in the immunology of lungworni 
infecuon The possibility of producing in quanUty not only the car ) 
parasiuc stages but also their metabolic products should provide anU 
gens not only for use in serological tests but perhaps also as vaccines 


POPULATION STUDIE8 

Of the various mamfestauons of resistance it is the protccuon 
mechanism which dominates the epidemiology of parasme bronchi^ 
The dependence of the fktc of a calf on the herbage mfcstauon to whi<* 
exposed was demonstrated by Michel and Paxfltt (i9W 
cy ghtly infected a small paddock with lungworms and mtroduc 
a fresh susceptible calf every five weeks No living calf was remov cd 
except on one or two occasions when the paddock became grossty 
overstocked. The fluctuations in the hetbage infestation 
followed the idealized course shown in Fig 17 3 in a manner bearing 
only a Umited telatton to the numbers of larvae bciug passed on to th= 
paddock us fkcces The fine of the calves, however, was doself 
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related to the level of herbage infestation at the time that each calf was 
first put out on. to the paddock. Careful calculations showed that the 
best correlation was between the period of survival of the calf and the 
mean herbage count over the first nine days. In Fig. 17.5 the period 
of survival has been plotted against the initial herbage infestation for 
each calf It will be seen that if the initial Level was less than one larva 
per pound the calf survived no matter how high the level rose sub- 
sequently. It would clearly be an unsatisfactory explanation of this 



susceptible calf and the herbage infestation to which it was 
first exposed. 'Initial herbage infestation’ is calculated as the 
mean count over the first nine days, (from Michel and 
Paifitt, 1956. Vet. Rec 68, 706.) 

phenomenon to suggest that a calf becomes entirely refractory to infec- 
uons of any magnitude in nine days from its first experience ofinfcction. 
The uptake of larvae which a calf will tolerate at any given moment is 
related to the uptake which it has experienced up to that time. If the 
calf has been picking up larvae at a small rate, for a given number of 
days it will withstand a certain small rate of uptake. If it has been 
picking up larvae at a greater rate, what it will stand will be corres- 
pondingly greater. 

With each successive day the proportion of the worms picked up 
which become established becomes smaller and one may visualize a 
469 
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maximum rate of acceleration of the increase in the uptake of lan 
or in t^'* infestation which the calf can stand Now 


i the herbage infestation which the calf can stand 
experimental situation such as that under discussion the er 
infestation at any given moment is related to the herbage infestatio 
previous days What a calf has picked up and what it is about to p 
up are therefore related in the same way as are what it has expenen 
and what it is capable of withstanding The experimental situa 
had a further peculiarity which contributed to the results o tain . 
This was that the herbage infestation was low only when the poten 
rate of its increase was also low 

One might expect therefore that it is only within a certain 
circumstances that the conclusion is applicable that a calf cannot ^ 
up on the pasture a herbage infestation which will be dangerous to 
However working under quite different conditions Michel and a 
Keime (1956) also came to this conclusion They exposed cattle vary 
mg m age from six months to two years to natural infection un ^ 
conditions of set stocking and rotational grazing and demonstra 
that the infections produced in the experimental catde were due enure y 
to larvae which they had picked up over a short space of time and w 
in no part referable to larvae which they themselves had passed 

Outbreaks of disease are not always the consequence of exposing 
susceptible calves to herbage infestations created by other cattle ® 
situations m which increases in the rate of uptake of larvae are und y 
rapid the same relationship between the initial herbage infestation an 
the fate of the calf may not apply 


vi « muiiuicu in an expenmeni in wmen iwo ^ 

a very light infection of lungworms by the administration of a sing 
dose of larvae and were then put on a clean pasture Conditions ° r 
translation happened to be good and a high infestation resulted on 
herbage when they began to pass larvae This higher herbage mf«ta 
tion the calves could not resist and both quickly succumbed 1° 
case on their clean pasture the calves picked up no larvae until a e%v 
days after their infection became patent and the rate of uptake °f 
to which they arc suddenly exposed bore no relation to what they 
experienced up to that time Similar happenings have also been 
seen with calves which were given a rather larger dose of larvae an 
were then put on clean pastures 

hi another experiment two uninfected calves were put on a dean 
paddock and infection was introduced to this lungworm free system 
m a more natural manner when workers attending to the calves wal* c 
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fsistonaninfected paddock before 

«n» mb =™*r - J1 •”" t “ f,“„™iJ.r'kly higta 

than the minimum lethal le • resistant to herbage 

unharmed and were subsequently shown to be reststan 

infestation some twenty times die et eve • b ghdy infected 

Clinicalhuskcanalso occur if ^ * ood and 

pasture where conditions for ss ro duce a heavy herbage 

the small numbers of larvae that they p P 

infestadori with undue speed. ,n,, re general thesis 

The situadons which have been "^“tecdon 

that disease can occur oidy when aimn ^ infestadons. In the 

mechanism are suddenly expose 1 B ^ | were un3 ble to resist 
case of the experiments discussed ab ?.\ . vere suddenly exposed 

the higher herbage infestation i to > ™ had not been adequate, 

because their previous expencnc 


husk in adult cattle 

It appears that, in the “b s euce of reinfecd<m^protecrion^tends 

and cattle which have bccn , blisluucnt of worms in their lungs if 
may not be able to prevent the Outbreaks in adult catde are 

they suddenly suffer a heavy U P • outbreaks in adults are die 
generally of this type. Only very a worm-free herd, 

consequence of the mtrodueno fuff ^ majority of cases die history 
Such herds arc extremely rar , ^ hava experienced a negligible 

of adult outbreaks suggests tha ^ tbe n bc cn suddenly 

uptake of worm larvae for ftequendy individual animals 

exposed to heavy mfot: * n0 ' 1 ; ^ CI: bc m homed until a few weeb 
which have for some reason or -affected, 

before die onset of symptoms "C c^w ^ ^ ^ ^ abscnce 0 f 

A curious feature of many anim j s . often also no worms 

lan-ic from die faeces of the ^ Thu ci:cumsta ncc gready 

can be seen in die lungs of am h \ avhich normaUy depends 

complicates the confirmation ^ explanation is to be 

on die demonstration of larvae r although protecdon wanes 

found in the phenomena “ f ““ ^The worm, reaching 
the odicr manifestations rent but ^ wlU fcj to develop 

Thus, aldiough symptoms of disease 
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will appear, no more than a few immature worms may be recoverable 
at post-mortem examination. 

An outbreak of this kind in cattle which had had previous expen 
of infection was recendy produced expenmentally (Michel and oates. 
1958) Catde were exposed to moderate infection and then wi 
from further contact with the parasite by stnp grazing over cean 
ground and subsequendy by yarding. A year after their first conta ^ 
with infection they were again put on a moderately infected pas 
together with fully suscepuble control animals of the same age- 
Symptoms of equal seventy appeared in both groups but while laiv 
appeared in the faeces of the control animals they remained absent 0 
those of the previously infected catde , 

This situation in which catde are withheld from infection and 1 
suddenly exposed to heavy herbage infestations may occur in a nurn 
of ways Many practices which are employed in the interests of ° ct , 
grassland uuhzanon are effective also, in some measure, in denying t 
catde access to larvae which they have passed m their faeces As j* 
have seen, the numbers of larvae passed m their faeces by animals 
have thrown off a mild infection will not be great nor will their ou 
put be continuous Animals which have been housed during t 
winter will not have encountered the worms and strip grazing during 
the first two or three months of the grazing season, over ground wW 
has earned no catde since the previous autumn and subsequen y 
over aftermaths, may continue this freedom from contact. A c 
quent finding on farms where outbreaks of husk have occurred m 


adult catde is that the cows and the young stock are kept on 


entirely 


separate pastures and even dry cows do not graze together with the 
young stock. 

The small numbers of larvae passed in the faeces of earner animals 
may give nse to dangerous herbage infestations in two ways 
condinons for translauon are particularly favourable, such high her 
age infestations may be produced dirccdy Alternatively, susceptt e 
>oung stock exposed to the small herbage infestations produced b) 
earner animals will become hghdy infected and the greatly increased 
numbers of larvae reaching the ground in their faeces will produ« 
dangerous infestations The young stock may not be affected, 
however, by these high infestations which they themselves b*' c 
created. It is therefore not possible to deduce that a pasture is cl»f 
trom the circumstance that susceptible catde have grazed on it 
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The occurrence of mild husk may be permissible in this context for 
recent work suggests that calves which are clinically affected and s er 
a loss of weight may, under conditions of reasonable management* 
make up this loss This is illustrated in Fig 17 6 which shows c 
weights of an infected group of cattle and of uninfected c ° ntr0 
animals It is, however, extremely difficult to ensure a sufficien 
exposure to infection under farming conditions without a certain 
that it will prove excessive 



Hie measure! to be adopted to prevent serious disease must depeu 
on the hazards peculiar to the district and to the particular farm 1 
some case it will be sufficient to segregate the yearlings, the group m° : 
hhcly to be an aettve source of pasture contamination, or to avoi 
practrees that must be regarded as particularly dangerous Of the 
- o most common is to turn out the strongest calves first an 
cr a period of weeks, to add a second and sometimes even a ^ 
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batch to them. In these am len 

an appreciable herbage infestaaon ° Ue Another dangerous 

suddenly exposed wWe f 7 . hat P Q f turn in g out a few calves 
practice commonly encountere running these calves 

bom in early summer during the — when they 

in the following year with autumn 

are first turned out in the following sprmg. ^ of chemotherapy 

There has been some progress re 7 The action of cyana- 

and two new. anthelmintics w ho showed that this 

cethydrazide was reported by y ( | - the a dult worms 

material acted as a vermifuge tempomniy n s rf a con . 

which were then swept up the _ • action oftWs anthelmintic 

siderable number of other worker ^ Swanson et al (1959) could 
have produced a variety of results. ^ ^ experimental 

not show the drug to have any effect whatever on then ^ 

lungworm infections. Other wor Rosenberger and 

results of Walley while yet others, “d^Sewas l«s effective 
Heeschcn (1959). concluded Th^imv appears to be widely accepted 

in severely affected animals, inis rn , ^ material be 

and accordingly Harrow (1959) h “^|X=n throughout the sum- 
used prophylactically, monthly 'dos 68^ in f cctiom sufficient to 

met in the hope that the calves “j ^ of harmful worm 

render them resistant but thatffi ^ ? rfesta tions can arise very 

burdens will be prevented. 5>m ° , r 1 w build-up of 

not expect 

infection m the calves and on h p^ ^ thclnlintic t0 rc duce the 
is effective. 
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receiving the second dose This small dose of irradiated larvae g 1 ^ 
rise to coughing or other symptoms only on infrequent occasio ^ 
The resistance resulting from vaccination appears to be good, t ou 5 
it may prove insufFiaent if the animals arc suddenly exposed to 
infection Vaccination should not therefore be regarded as a su^ 
stitute for all other precautions At the least, situations likely to 
particularly dangerous should be avoided 
It has been suggested that the adoption of a policy of vaccinating ^ 
calves will lead to the eradication of lungworm infection tro® 
farm It would seem, however, that the vaccinated animal bcc°®^ 
entirely refractory to infection only when its resistance is reinforce 
a result of exposure to infection Moreover, some individual am 
appear incapable of a normal immune response Cornwell and err) 
(i960) have shown that vaccinated animals can act as a source or in 
tion It would appear probable, therefore, that while the genera cV ^ 
of infection on a farm may be substantially reduced by a P 0 ^ ° 
vaccination, it is unlikely to disappear altogether If indeed lungwo 
infection falls to a low level then it may well be that the am 
deprived of contact with infection may become susceptible and t cr 
may be the danger of an occasional outbreak m the adult stock 
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CHAPTER EIGHTEEN 


Parasitic Gastroenteritis 


]. f . MICHEL AND C. B. OLLERENSHAW 


Bionomics of free-hvhg stages-Herbag' •***"-?* 

sttiles-Namtodmasis-Th' cf«< of husbandry yracfces 


resistance— Population 

Control. 


bionomics of free-living stages 

It is convenient if unimaginative to start an ^elopment of 

of parasitic gastritis with the -worm BB- h; depends on the 

the embryo in the egg and « this process 

environmental temperature. U P Th e crit j ca l temperature for 

may be complete in tsventy-four hours The 0^^=^ ? ^ ^ 

development and hatching of h SB ^ al ^ oug K a figure of 
determined -with precision tor y p v _ / TQ1 v\ is widely 

mo7“!;’rto V coldSd desiccation, develop more slowly at low 

temperatures than does Haevwnchns resistant to 

n-L r-r-r.lvrA.-nnated ccc and the infective larva are more resistant to 

adverse environmental conditions than other developmental stages. 
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Indeed, development can stop at the pre-hatch stage if humidity 0 
oxygen tension are too low and the embryonated egg may survive 
for long periods resuming its development when conditions improve 
If this stage has not been reached or if it has been passed when unfav our 
able conditions set in, then the egg or larva will die 

As was intimated in an earlier section the free-living stages o a 
parasite are often insulated by virtue of their situation from fluctuations 
in climatic conditions, and the nature of the sward and the sue an 
character of the faecal aggregate determine the extent of this insulation 
In much the same way the size and nature of the faecal pellet or ia ^ 
mass and the position of the worm egg m it will influence the rate 0^ 
development In the centre of a pellet of faeces or m a larger mass 
faeces, while humidity will remain high, the oxygen tension is ha 
to be low and this may result in the suppression of development at t 
embryonated egg stage Similarly, on the outside of the faecal pe ‘ ct ’ 
oxygen will be plentiful but humidity may fall sufficiently to stop 
development As a result of the great range of conditions in "f 10 , 
eggs will be situated and consequently of the different extent to ' 
the development of different individuals is liable to be suspended, there 
will be a wide variation in the time taken to complete free-living 
development Although some individuals may become infeettve m 
the minimum time appropriate to the prevailing temperature, many 
will take appreciably longer, sometimes many times as long . 

Though the infective larva is more resistant than the first- and secon 
stage larva, it does not survive indefinitely on the pasture The res ts 
of Taylor (1938a) showed that the rate of destruction of third-stag 
larvae on the herbage was rapid at first and thereafter gradually 
decreased Crofton (1948a) was able to confirm this with the reserva 
tion that m cool moist conditions the rate of decrease may be less an 
remain Curly constant Clearly the persistence of larvae on 
pasture depends not on a normal life-span but on environmental 
factors 


Under dry conditions the great majority of the larvae may *fV 
perished in four weeks hut in cold weather survival up to six months s w 
not uncommon and small numbers may persist for longer T &c 
maximum survival period of various species is the subject of an exten- 
sive literature recently reviewed by Kates (1950), but it is of import^ 
m only a limited context ' 


l^ rkerS ' Vh ° W studied the survival of infective tncho- 
strongyhd larvae have deliberately excluded from their experiment** 
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designs differences in the rate of development to the infective stage; 
they have worked with infective larvae produced beforehand in care- 
fully tended faecal cultures. In the application of the results of such 
experiments to practical problems, however, this fact has not always 
been remembered. It has been assumed that even in the field the 
latvae will all develop as rapidly as they will under optimum conditions 
in the laboratory. Hence it has been calculated that populations of 
larvae will have declined to a harmlessly low level when in fact they 
have only had time to reach their peak. 

The migration of the infective larvae on the herbage has also received 
much attention. The movement of the larvae up the grass blades has 
been viewed as a negative geotaxis, but it has been argued that the 
force of gravity acting on the larva is negligible, in comparison with 
the surface tension in the film of moisture in the leaf. The view now 
coming to be held is that the movement of the larvae is at random, 
Kauzal (1941) having shown that upward migration was invariably 
accompanied by downward migration. lateral movement is limited 
presumably because the soil offers resistance to movement. The 
activity of larvae may, to some extent, be influenced by the intensity of 
light but it is temperature which exerts a decisive influence, migration 
being entirely suppressed at temperatures below 50° F. 

It would appear that in England for an appreciable part of the year 
the temperature would be too low for infective larvae to leave the 
faeces and ascend into the herbage. Such a consideration, however, is 
of limited relevance since temperatures too low for the migration arc 
also, with the possible exception of Ostcrtagin, too low for develop- 
ment. To this extent die results of experiments in which infective 
larvae suspended in water arc pipetted on to the soil of experimental 
plots may be misleading. 

The presence of a film of moisture appears to be essential for the 
movement of the larvae and determines the upper limit of migration. 
Thus Crofton (19486) reports that under comparable conditions larvae 
ascend to within the same distance of the top of the grass blades irre- 
spective of whether these arc in a long or a short sward. The local 
humidity down amongst the herbage was sufficient to produce a sur- 
face film of moisture, but nearer the tips of the grass blades free 
moisture was absent. 

There is very little evidence to support the view that dicrc is a 
regular alternate movement of larvae up and down the herbage in 
response to changes in humidity or light intensity and the belief that 

*6+ 4S1 
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larvae migrate up the herbage when there is dew on the grass and 
again into the soil when the dew dries is almost discre ite . . 

Crofton (1949) Has shown that the concentration of larvae pe P 
of herbage is highest in the hottest part of the day and o 
there is dew on the grass. Crofton appears to interpret ts ^ 
of greater larval activity at higher temperatures, but it is 1 ... c> 
why decreased activity should lead to a smaller concentration 0 ^ 

The phenomenon may in part be explained by the circumstance 
given quantity of herbage will be heavier when it is saturate wi ^ 

and it may be concluded that there is no daily rhythm of mjg r ^ 

It would be more useful and more accurate to think of the ^ ^ 
migrating at random when it is warm enough but, having go ^ 
the herbage, showing no particular tendency to descend to t 
again. 


HERBAGE INFESTATIONS 


the 


It is theoretically possible that sudden changes may occu ^ 
availability of larvae on a pasture, when climatic conditions e ^ 
suitable for migration. As has been shown, however, such a situ^ 

. _ . r,f a pasture 


is unlikely to arise. An assessment of the infestation of 


the examination of the herbage would seem therefore to t0 

As yet very few such measurements have been made with a 
following changes in the level of herbage infestation and those 
have, have neither distinguished between the larvae of different sp^ ^ 
taken account of the number of worm eggs being passed on rn 


pasture in the faeces of grazing animals. There is therefore no cX P er \ 


and 


mental basis for a discussion of how the properties of the larvae 

.1: 1 ..1 r . . .. 1nattem°‘ 


climatic and other factors interact to give rise to a seasonal pattern 


vutci factors interact to give rise to a scow*** r ^ 
herbage infestation. Such studies as have been reported sugg cSt 
there are no spectacular fluctuations in the infestation of the 
sheep pasture nor do climatic factors appear to exert an cn t 

influence, for the peak in herbage infestation is reached at 1 ^ 1 
times in the year on different fields (Crofton, 1952)- The g cQ 


pattem, if such can be said to have yet emerged, appears to be c 
tenzed by a low herbage infestation during the winter, rising gra ^ 3 


in the late spring and early summer to a peak from which t ^*® c **^ 
more or Iks rapid decline in late summer and autumn. Alt 0 


uvumc m iate summer ana auiuim- - _ . 

Sr ! ‘.'OH be VC 7 “^derable variation in the degree to win* ^ 


1 fkcccs become infective larvae in the herbage, it appears to 1 
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that seasonal fluctuations in herbage Sp"“ 

by the seasonal pattern of egg ou pu discussed it will be neces- 

seasonal fluctuations in worm burdens can be discussed 
sary to consider the phenomena of host resistance. 

host resistance 

, . , 1 relatively little work has been done 

Among the trichostrongyhda T J study of the manifestations 

on the phenomena of host connected mechanisms has 
of resistance as separate ^^of experimental infections o(Triclw- 
been pursued only m the case P ^ observationSi as yet 

stroiigylus ret, ortaeformts m the I9ja< , and i 9 53). ^hile 

inadequately reported (MicW. 195 . tnchostrongy l u s, may give 
not directly apphcable to all speci d and a!s0 because 

indications as to the type of processes to be expected 

they are nearer to a complete picture lative l y short-lived and 

Infections of T. ^“bXIdon of aduh worm, is fairly 
their termination, which is by tne :„ v ,. r ce relation to its 

•sjzs seksss i - 



Ammal Health, Production and Pasture 

infestation too small to be abruptly terminated has superimposed U P 
it a second infection, the result depends on the size of the secon 
tion This is indicated in Fig 182 which shows the course 0 a * 
mfection and the consequence of reinfection with four different 0 
oflarvae If the reinfecting dose is small the effect is purely a 
and even the resulting larger infection is not abruptly terminate 
the reinfecting dose is larger the faecal egg count first rises an 
infecnon is then terminated If it is very large indeed, the e 
is terminated in a week, before even the newly administered wo ^ 
have reached maturity Some individual rabbits, however, a 
achieve self-cure As shown in Fig 18 3a their faecal egg counts ^ 
sharply and they succumb It would appear from these facts t 1 
termination of the infection is dependent on the quantity or w ^ 
material present and that there is no essential difference between 







Week* 

FlG ”* 2 Thc on faecal e KK counts of superimposing a 

infection on one too small to 4oke self cure 


secon 
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spontaneous termination of an infection resulting from a single adminis- 
tration of larvae and the termination of an infection induced or 
precipitated by reinfection, and the use of the single term self-cure 
would seem to he justified for both. This term was coined by Stoll 
(1929) in connection with the spontaneous termination of infections 



Fig. 18.3. The course of infections of T. rctoriacfortms after a forge infection 
has been superimposed on a small one. 

of Hacmonchtis coutortus. Stoll lightly infected two Iambs with 
H. coutortus and turned them out on a paddock on which they reinfected 
themselves. Their faecal egg counts rose and after a few weeks 
abruptly fell almost to zero. This fall in faecal egg count Stoll called 
self-cure. Stoll now attempted to reinfect the lambs by the adminis- 
tration oflargc doses of larvae but they proved entirely refractory and 
this refractor)' phase Stoll termed ‘protection*. This will be further 
discussed below. 

Tbc termination of an infection induced by reinfection was described 
by Gordon (1950) and by Stewart (1950.1). These workers observed 
that infections of llaemorchus contortut as measured by faecal egg counts, 
in sheep grating on arid pastures disappeared a few days after a shower 
of rain had stimulated a vigorous growth of grass. It transpired tint 
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experimentally the same effect could be produced b) the administration 
of a large dose of Haetnotuhus larvae and that the adult 
eliminated, the newly administered worms became established 
after three weeks the egg count began to rise again The Australian 
workers called this phenomenon self-cure and apparently restrict * c 
term to just one form of it, that represented b) the third grap 10 
Fig 18 2 . 

Considerable progress has been made by Stewart (i95°&. 
elucidating the nature of the self-cure process Thus it ma) ^ 
inhibited by annhistammic substances, it is attended by an oedema o 
the stomach wall and follow cd b) both a rise in blood histamine an 0 
complement-fixing antibodies It is not entirely spcaes-spcafic an 
the administration for example, of H con tortus larvae mi) terminate 
an infection of Trichostrongylus spp though the administration ° 
Tnchostrongylus larvae wall not terminate an infection of Haetnonc w 
The phenomenon of inhibited development has attracted attention 
m the case of several species If a rabbit carrying an infection 
T rctortaefomis is reinfected with a large dose of larvae, the majority o 
those established fail to develop and may remain in the late third stag^ 
for a period of months m close apposition to the mucous membran • 
The development of these larvae is entirely suppressed, not retar e 
and once they resume their development, they proceed at the no 
rate Normally the proportion of larvae resuming their devclopmeo 
each day is fairly constant, but occasionally none appear to do so un 
a considerable time has elapsed whereupon all do and the animal sue 
cumbs The faecal egg counts of such a case are shown in Fig 3 
The more usual course of such an infection is shown in Fig ^ 
After the termination of the initial infection eggs remain absent n 0 ^ 1 
the faeces for a time and then after two weeks or so reappear as 
first of the new worms reach maturity These worms are soon 
eliminated and after a further interval a further batch of worms whicn 
has resumed its development begins to reach maturity and eggs 
appear in the faeces This sequence continues until no inhibited larva 6 
remain. It may be concluded from evidence sucb as this that the s 
cure phenomenon does not affect the inhibited late third-stage larva 
an t at it is eliated when the quantity of worms present reaches 
certain threshold value The situation may be compared with a tank 
fitted with a syphon (Fig ig 4) A constant slow stream of 
enters the tank and represents the resumption of development 
e water m the tank representing quantity of worm material 
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reaches a certain level, the syphon 

mccWm TrivJ.em/spp. in the horse 

A similar situation exists in i Wo me encysted 

(Gibson. 1953)- ”“* n 'a |*X-clo P °mmt inhibited over a period of 
m the intestinal wall ana tneir i t n r t i ic intestine 

years. 

arc removed by mans °^«eh emerge from their cysts and resume 
smular number of vs. arm r» JB withheld from reinfecr.cn st 

that development. Z\ cn u %vith an an tlielmintic. spread 

therefore requ.resa E™j fc . { W emerged &om the 

over a long prmod ««rl **c ^ ^ of j hmmt ku s 

™nmr,l= d^tris may be inhibited and will only resumetheir 
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development when the adult worms present arc removed b) means of 
an anthelmintic (Roberts 1956) The occurrence of the phenomenon 
of inhibited development has also been reported in infections 0 
Ostertagia spp in sheep (Sommcrvillc 1953) and there is evidence that 
it is of importance in Ostertagia in cattle though as yet little is known o 
the factors associated with the resumption of development in thes 
species In Truhostromfylus retortaefornus infections the decrease m tnc 
numbers of mhibited forms drawn in Fig 18 5 tends to be more 
rapid than could be entirely accounted for by resumption of develop- 
ment and subsequent self-cure, but as y ct there is no evidence concern 
mg the fate of such larvae 



To demonstrate the phenomenon of protection in infections of 
T rttortaeforims is difficult A rabbit which has received a single dose 
ot larvae of any size Is not at any time thereafter demonstrably roof- 
resistant to the establishment of a second dose of larvae than is » fW 
snsceptthle rabbit If however larvae are regularly administered to » 
rabbit then a resistance to the establishment of the new worms may » 
demonstrated Thus ,f rabbits ate gtven mcreasmg doses three tun« 
' k fot thlec ' vcd ss and thereafter receive regular equal doses 
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numbers of inhibited larvae present in the intestines °f ^ ^ts will 
rise to a peak after six to eight weeks and thereafter decline agarn 
as shown in Fig. 18.fi. Clearly newly-administered worms are fading 
to become established after six to eight weeks and dic declmein mhb- 
ited forms after this point is similar to that obtamedm tlm b=n« 
of reinfection (Fig. 18.5). Experiments m which dosmg ,wth larva 
was discontinued just after the peak was reached m one of^vo groups 
but not in the other have shown that the decrease in pop^^is v' ry 
similar in the two groups, the shghdy greater ^persistence observe d m 
the animals in which reinfection was continued presumably 1 beug due 
to the small number of worms that were still succeeding ui estabh hrng 
themselves. In all other respects the course of the udef!onwasdii 
tical in both groups and it would be true to say 
happening in the constantly dosed rabbits was referable to larvae which 

they had received in the first six to eight wee • t • i v 

The number of adults of all sizes, that is to say of wornu which h ve 
resumed their development, follows a course s.mdar to that of the 
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number of larvae but lagging behind it b) a period roughly 
the normal prepatent period This circumstance suggests t ^ 
larvae when they resume their development, grow at the uorm 
and that the numbers which resume their development is relate to ^ 
total number present The faecal egg counts meanwhile fo o ^ 
familiar course, eggs intermittently appearing and disappearing 
the faeces (Fig 18 6) At first sight this would seem hard to rccon ^ 
with the smooth curve marked ‘adult worms’ but these compns c ^ 
worms which are not inhibited third-stage larvae and indcc Jt ^ 
found that sometimes the w orms recovered arc mature and somea 
immature, sometimes even they arc m the fourth or earliest fntn s B 
It would follow that a population of worms in animals expose 
reinfection and even those withheld from reinfection, is by no m 
static Instead one group of worms follow s another in rapid success 
and though the number of adult worms may remain roughly cons ^ 
for a considerable period it is not the same individual worms that 3 
present throughout that period , 

The effect of a number of extraneous factors on resistance must ^ 
be considered It appears reasonably well established that nutntiou 
the host plays an important part Thus Gordon (1950) has shown t 
the duration of infections of H contortus and of Trichostrongy ^ 
shorter in well fed sheep Gibson (195 5) considers that w ell nouns c ^ 
sheep even if they have not had previous experience of infection a 
better able to prevent the establishment of T axet Stewart an 
Gordon (1953) on the other hand found nutnnon to have ktde c ^ 
on cither natural or acquired resistance to Tnchostrongylus 
Besides an effect on resistance to worms there seems also to be an e 
of nutrition on resistance to the effects of worm infestation ConsU 
ti°n bodily condition and age are also regarded by some compel ^ 
observers as exerting an influence on resistance to Trtchostroug , } 
infestation and its effects 


POPULATION STUDIES 

In England only few studies have been made of seasonal change 5 ^ 
the worm burden of sheep Crofton (1955) followed the faecal egg 
counts of lambs on a number of farms and found that these rose 
peak m late summer and autumn and then decreased again usuauy 
air y rapidly Crofton showed that the increase in egg count 
ogant mic and from this drew a number of interesting conclusi 
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Thus a logarithmic increase xnM Wfetoor 

den of the lambs at any time is pr p nroduced by the lambs, 

that it is related to the pasture con am P ^ alternatives that 

Such a situation Crofton argues, sugges f, e rate of increase not 

each new infection replaces i • burden insignificant 

being sufficiently great to render he a consideration of 

in comparison wtth the new ™ ^PP tenJ J to show a n inter- 

the individual counts ot the lamo faeces, a 

mittent appearance and di Y 0 Xb n yt e a^>gA= me:incountinagrOUp - 
smooth curve being obtained only y S p s f rom t he faeces 
In other words, the they could 

did not occur simultaneously in all th differed 

be regarded as being in the nature of self-cure they r mint have 

in their causation from Le not unldte the happen- 

The circumstances ^ esc "^ ^ Qccurring in ra bbits receiving regular 
mgs which have been described In this case, however, 

doses of T. retortaeformis larvae ; (see g. ^ f he ptotect ion 
die faecal egg count is greater after each the inhibLd larvae 

mechanism appears, the faecal egg ^ numbers . A further 

which resume their development _ infections in the 

impheation of the logarithmic ““““ “ et b age infestation to which 
lambs woidd seem to be depend^ ^ su „ iving through 

and th^number of larvae ^ of the bifanbmlarvae 

period of development and ona , of very 

on the pasture, a combination of circumstances that may not be ot very 

frequent occurrence intestinal worms in hill 

The seasonal incidence ot stomacn anu *. / \ 

and may m fact not rca y hgtz) point out the connection 

spring and Morgan, Parnell and KaysKr t 95 IP . \ 0 c 

stroiigyhts. Perhaps the most s.gmficant frndmg of these authors 
491 
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Pig 18 7 Seasonal variation in the variation of faecal egg counts of Scottish lull sheep (From Morgan Parnell and Rayski, 
1951, J Helminth , * 5 , 177 1 
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concerns the seasonal fluctuations in worm burden in adult sheep. At 
first this work was based entirely on egg counts and no effort was made 
to distinguish between different species save Strongyloides and Nema- 
tod inis, the eggs of which are very readily distinguishable from those of 
the other strongyles. The egg counts of ewes were shown to rise in 
the spring beginning in March, to rise to a peak in May or early June 
and then rapidly to fall (see Fig. 18.7). Moreover, it was shown that 
this pattern was common to ewes all over Scotland. The causes of 
this spring rise were the occasion of considerable discussion. If the 
rise was to be due to larvae picked up in the spring these would have 
had to be available in February which seems extremely unlikely. 
Three other possibilities were considered: that the spring rise was due 
to an increase in egg-laying by a constant number of females as a 
result of a decreased resistance in tbe ewes due to poor nutrition during 
the winter and the strain of lambing; that, for a similar reason, though 
no more larvae were picked up from the pasture, a larger proportion 
became established; and lastly, that the spring rise was due to immature 
worms which had lain latent through the winter and now grew to 
maturity. 

To elucidate this question an extensive series of slaughterings and 
post-mortem examinations was undertaken. Some of the results of 
these are summarized in Fig. 18.8 which has been drawn from figures 
presented by Morgan, Parnell and Rayski (1951). It appeared that 
the rise in egg count was associated with an increase in adult worms 
and this in turn was preceded by the appearance of large numbers of 
immature forms in the lumen of the bowel. Osterlngm spp. were 
chiefly responsible for the rise and were followed by Trichostrongylus 
spp. Only very few inhibited immature forms could be found by 
the methods employed. True it is that Ostertagia is allegedly capable 
of developing at low temperatures, but there are, none the less, serious 
objections to the suggestion that the spring rise is occasioned by larvae 
picked up in late winter or early spring. 

A spring rise in the worm-egg output of ewes has been observed 
not only throughout Scotland but by various workers in several 
different countries and there is no reason to suppose that all these 
reports do not refer to the same phenomenon. Now in the observa- 
tions of several workers the spring rise occurred in sheep which had 
no access to infection during the appropriate period. Thus the sheep 
observed by Taylor (1935) were boused during February and March in 
conditions deliberately calculated to preclude the possibility of infection. 
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The sheep of Nacrland (1949) in Norway and those of Hawkins et at. 
(1944) also showed a spring rise although they were housed through- 
out the winter. The sheep of Spcdding and Brown (1956) showed a 
spring rise though they had been denied access to infection by being 
close-folded over clean land for some months. It may be concluded 
therefore that the spring rise is not necessarily associated with the uptake 
of larvae shortly before. 

Crofton (1954) has added to knowledge of the spring rise by the 
interesting observation that the spring rise in individual ewes occurred 
at different times and was of much shorter duration than the curve 
given by a mean count of the whole flock. It appeared furthermore 
that there was a close relationship between the time of lambing and the 
appearance of the spring rise, the peak of egg count being reached some 
six to eight weeks after lambing. This is shown in Fig. 18.9. These 
results provided further evidence as to whether the spring rise was 
attributable to larvae picked up three or four weeks before, for even 
in ewes in lambing late when the herbage infestation must already have 
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Fig. 18.9. The correlation between spring rise and the 
date of lambing. (From H. D. Crofton, 1954, 
Parari/dfogy, 44, 465.) 
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been nsing the faecal egg count rose no higher than m ewes lambing 
at the beginning of the season Crofton (1958) lias since shown that a 
post parturient rise tn faecal egg count occurs also in e\\ cs lambing w 
autumn 

Perhaps the most tempting interpretation of the spring nse woul 
appear to be that lambing in some \\a> interferes with the inhibition 0 
development and that immature forms, primarily Osterta^ia an 
Tnehostronyylus, arc able to dc\clop to maturity The rcsulnng 
creased worm burden is short-Ii\cd smcc it is sufficient to evoke self- 
cure It would not be unreasonable to conclude that the seasonal 
fluctuations in the \\ orm burden of c\v cs arc not to be associated wit 
changes m the level of herbage infestation This state of affairs w oul 
seem to differ from Australian conditions where it has been foun 
possible to make senous attempts to base control measures on changes 
in the weather 

If the herbage infestation has normally little effect on the wotrn 
burden of ewes it appears that the egg output of the sheep on to the 
pasture has some influence on the herbage infestation 


NEM ATODIRI A818 

A recent renewal of interest in the epidemiology of Netnatodirits spp 
is probably attributable both to the ineffectiveness of phcnothiazm c 
against this worm and to the circumstances that its eggs are very rcadi ) 
distinguishable from those of other tnchostrongyhdae Tedey (i94 v 
working in New Zealand showed that the infection appeared in lambs 
m the spring and then rapidly disappeared being virtually absent until 
the following spring from animals of any age In England oU*" 
breaks appear to occur m lambs only during a very short season usually 
between the end of May and the beginning of Tuly (Thomas and 
Stevens 1956 Thomas 1959) 

It appears that the infection is earned on from lamb to lamb an 
year to year Thomas and Stevens found that on fields which h3 
been grazed by infected lambs appreciable numbers of infective larvae 
did not appear on the herbage until the following spring The larvae 
cvelop to the third or infective stage before hatching from the egg 
*PP ears l hat their development is very slow (Thomas and Stevens 
i960 Gibson 1959 b) especially in the case of N battus which may take 
bree months to reach the infective stage The eggs even if develop 
° f thc krvae 15 complete do not hatch until the following sp°»S 
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.ally not until the following April, the essential stimulus according 
to Thomas and Stevens (rpdo) being a rise in temperature to at least 
<o° F after sensitization by exposure to low temperature during the 
Lte'r Thereafter there is a rapid decrease in the herbage mfestauon 

(G Re°hmee 7 !o Nvmldirus appears to be acquired rapidly md there is 
some evidence of the occurrence of a true age resistance (Gibson, 1957). 
The conclusion drawn by numerous workers is that lambs should not 
be allowed to graze on pastures which have carried lambs m the pmvmu 
year, and Thomas and Stevens maintain that the study of the histones 
of many outbreaks amply confirms this view. 

Progress has also been made in the field of chemotherapy. As 
reported by Rawes and Scamell (1958) bephemum onbonate is 
effective not only against adult Ncmtodirm .but also agamst the im- 
mature stages wWch are responsible for much of the daniagecauedby 
Nematoilirm infection. Since the penod during wk e > 
hazard of nematodiriasis is short, Scamell and Rawes (1959) have sug 
gested that periodic dosing with bephenium compounds will serve 
prophylactic measure. 


THE EFFECT OF HUSBANDRY PRACTICES 

It is necessary to discuss in connection with the epidemiology of 
parasitic gastritis the effect of certain aspects o manageme * 
been intimated in an-eatlier section the processes and °P“ °‘ 
husbandry affect helminth populations through a great many differ 
trains of causation and the effect of a change in management wdl be 
the outcome of an antagonism between several operating m ™ 
directions. It is impossible therefore to deduce on theoretic^ 
what the effect of a given system of management wdl be. Tl “ b 
determined only by field experimentation conducted on an ^equate 
scale. Very little such experimental work has been earned out and it 
appears that such as has been done in Britain has een conceme Y 
with confirming traditional knowledge on the effect of closc-foldmg 
A theoretical discussion of certain speculations which are accepted as 
items of parasitological dogma may, however, be o v a ue. 

Perhaps the most important and widely accepted concerns the effect 
of density of stocking on helminth infestations. Making a number of 
assumptions Taylor (t 938 l>) has suggested that the infestation on the 
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pasture tends to increase as the square of the stocking density 
would seem to be an understatement for, making the same assumptions 
it can he shown that the effect of density of stocking increases, being 
related with the passage of time to successively higher powers ot t s 
density The assumptions on which such calculations arc based, hois 
ever, are quite hypothetical and it is necessary in them to neglect su 
important factors as host resistance and the transitory nature ot a 
herbage mfestanon In practice density of stocking cannot be divorce 
from other circumstances Under conditions of agriculture all the 
herbage wall be utilized even if not m the most advantageous manner, 


and a higher density of stocking will be associated with a more pro- 
ductive pasture Thus under condiuons both of light and heavy 
stocking a given number of larvae will be suspended in roughly the 
same weight of herbage and it matters little whether that weight o 
herbage is grown on a large or a small area However, the rate o 
growth of the herbage in the case of the heavier stocking density will 
greater and each portion wall tend to be grazed more frequent ) 
Within a certain range of conditions, therefore, there will be a tendency 
at a low density of stocking for larvae to be older and therefore fesver 
by the tune they are mgested 

At any given moment, on the heavilv stocked area, since grazing 
will be heavier, there wall often be less herbage per unit area. No^ 
a given number of larvae is to be suspended in a small quantity ot 
herbage a high concentration will result On the other hand a short 
herbage will not provide favourable conditions for the survival o 
larvae which are more likely to be exposed to desiccation. Indeed this 
effect may outweigh that of lesser dilution unless the atmospheric 
humidity happens to be high. The effect of stocking density xeH 
therefore depend on climatic and other adventmous factors Among 
t esc may be the state of nutrition of the animals which, m som c 
circumstances, may be worse as a result of heavy stocking and m 
others better 


The effect on worm burdens of rotational grazing has also been 
wide 1 ) discussed in theoreucal terms, the thesis being that the herbage 
citation is greatly reduced m the period betw ecn successive grazmg* 
& “ 1135 bccn discussed m an earlier section, the rate of fr^ 
tendf climatic conditions obtaining in ® nta ^ 

nenod F 1“* than has been commonly assumed so that 

ncc a , fCS ? een suc cessi\ e grazings of the same paddock w 0 

“cod to be almost impossiblj long 
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with which the difference betwee Michel and MacKenzie 

*■ 6 *■ 

“ r *' “"““"/“Sem'i *“« 8"“ 

.sssssi-w*-— : 

of larvae will be deposited on to the P“" smaU cn- 

rotationally grazed animals c0 ” lpC f , rion of the pasture receives 
closures. In the case of set stoc -mg P period, and since the 

its quota of larvae not at once ^ ^herbage infestation can never be 

larvae begin to die ahnost at once, hg^ wtee eac h strip 

so high as under conditions o ^ On tbe ot h e r 

receives all its quota of p” ^stocking the animals are immedi- 
hand, while under conditions of ? which results, they are 

ately exposed to the lower herbage 1 rotational grazing until 

not exposed to infection muler con tio ^ infestation initially 
some time has elapsed and the g two systems of grazing 

created has fallen. The relative effec* ^ 

management would seem to ilepen creation of high herbage 

and other factors were favourable for the creation B 

infestations or for their persistence. h practice of mixed 

Another thesis frequendy discussed concerns ™ be cle aned by 
grazing. It is claimed that _a ^ brJ 

allowmg a different dass of st g ^ overrated. Grazing 

It is probable that the effect o A ^ w i t h it such larvae 

animals after all do no ' portance is not the total number 

herbage. Reducing the total w«ght £ Semostof thelarvae 
reduce the effect of this concentra , more probab l e that the 

are found near * e ^° f * C s ®Xr concentration than that which is 
Sd SS unit weight of herbage on the pasture may 

7 , 

redudng the nsk ofparasmsm, tures which arc being 

atettansmissiblc from cattle to sheep. Roberts (.942) succeeded in 
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transmitting a number of speacs from sheep to attic, among 
H contortus, T cohihnfonms, T exet and C curtica 
A corollary to the thesis concerning mixed grazmg claims 
alternate grazmg with resistant stock of the same speacs is also cnecti' : 
m reduemg the risk of helminthiasis Nov,, as has been shown, 
resistant sheep represent a constant source of infection though it 
certainly true that their faecal egg counts tend to be lower than tn 
of lambs and hoggs Speculanons on this subject ha\c consequen f 
taken the form of calculations designed to show that ewes ingest ar 
dcstro) more larvae from the pasture than the) themsehes contnbu 
to the herbage infestations The vahdity of these calculations tends to 
he restricted, howeser, to conditions which are unfa\ ourablc for 
creation of high herbage mfestanons and in w hich outbreaks of parasitic 
gastroenteritis arc unlikcl) to occur m any case Where conditions 
for translation are more favourable it can be shown that ewes 
not decrease the herbage infestation and might in fact add to it- ° 
practice the question of whether to practise alternate grazing wi 
<rw es and lambs w ould onl) arise after the lambs w ere w caned and it 
doubtful whether at this stage the practice would be likely to b*' c 
any effect on worm burdens 

Any discussion of control measures must be preceded by a conn 
non of tbe effect of infection on productivity A number 0 
mvesogators, among them Kates and Turner (1953) working " ltn 
Nematodirus spathtger and Gibson (1955) studying T axet infections 
bave shown that infections depress bvc-w eight gam and that affect 
sheep, when they have thrown off the worms, though they may resu® 
the normal growth rate will never catch up with uninfected conrr °, 
animals (Fig 18 10) Spedding (1952, 1953, 1955 ) has obtain , 
similar results with subchmcal mfecuons of T axe 1 and of flB* 
tnchostrong) lids, and Taylor (1954) on the basis of such fig^es 
estimated the annual loss m terms of tons of mutton. 


Kun 1 kul 

Control measures must have regard to accurate assessments of 1 ° 
smee the control of worms is normally undertaken for economic rath 1 
ttan aesthenc reasons and the cost of control measures must be « 
"rer a period of years than the loss which they prevent, fhjs ‘ r0 
woul d seem to apply particularly to the system of d°s 
toldmg over dean land which has been recognized for a century ' 
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Fig i 8 io The effect of T «« infection on .the ) - c| B h« ga.m °f lamhi (From 
T. E. Gibson, 1955./’ Comp. Port., «5 »3 I 7-J 


more as ^us^bi^rproducrion^f fat^lainbJ oil new leys 

■; t "> 

flT a Tr t such a wofm-free flock could then he managed by 
normal methods so that the cost of dose-folding f« i ‘Y“> two 
would be m the nature of a capital expenditure, should be regarded 

^Knowledge of the relationship between husbandry and helminthiasis 
is U must be admitted, conspicuous by its pauaty and this is nr large 
part due to the discovery of the anthelmintic efficiency of phoiothia- 
Le, an efficiency so remarkable that its effect on research into the 
epidemiology of parasitic gastroenteritis was disastrous. That there 
arc now signs of a slight recovery is due only to the gradual realiza- 
tion that even phcnodiiazinc has limitations. That it is not equally 
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effective against all species lias already been mentioned and recen / 
Gordon (1950) has drawn attention to the difficulty of contro g 2 ^ 
outbreak by dosing when very large numbers of immature w ornis ar 
present which arc unaffected by phenothiazinc The view gener y 
taken in Britain is that the most effective use of phenothiazinc is as 
prophylactic measure and that lambs should be dosed at mont ^ 
intervals throughout their first year Crofton (i 955 )» however, ^ 
observed that regular dosing of lambs with phcnothiazine reduce 
only the rate of increase of the worm burden but also the rate 
decrease 

If regular monthly dosing is not found practicable it is gener 7 
recommended that one treatment should be given when the an 1 
are weaned Weaning is regarded as a time of particular danger 0 
the grounds that the withdrawal of milk often coinciding wit ^ 
deterioration in the quality of the pasture must adversely affect t 
resistance of the lamb Whether or not this deduction is sound, 
certainly true that outbreaks of parasitic gastritis in lambs not inire 
quently occur shortly after the lambs arc weaned , 

Regular dosing of ewes is not generally regarded as necessary. ^ 
it has been suggested that since the spring rise is chiefly responsible 0 
the herbage infestation m the spring to which the lambs are first expose . 
anthelmintic treatment aimed at reducing the spring peak of egg 
and thus the initial herbage infestation would be beneficial It sho 
be stressed, however, that the degree to which eggs in faeces become 
infective larvae on the herbage is very variable and a reduction in 
egg output of the ewes if it could be achieved would not alone be likely 


to be very effective in limiting the infection of the lambs . 

Considerable discussion has been devoted to how the practi 
difficulnes of dosing hill ewes around lambmg time may be overcome 
In some lowland flocks these difficulnes should not be insuperable, 
hut as yet there is no evidence from controlled experiments of * 
effect on the worm burden of lambs of dosing the ewes just before t 
occurrence of the spring nse 
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CHAPTER NINETEEN 


Fascioliasls 

J. F. MICHEL AND C. B. OLIERENSHAW 

Ecology of the intermediate host — Free-living stages — Development in the snail 
The final host — Effect of climate ■ geographical distribution, climate and incidence o 
fiuke. 


ECOLOGY OF THE INTERMEDIATE HOST 

Intermediate hosts tend to receive an undue share of attention, 
doubt because they arc frequently the only tangible part of the 
cycle outside the final host which may be investigated. Lytnn° 
truncatula, the intermediate host of Fasciola liepatica, is no except^- 
The fact that it is essential for the continuance of the life cycle an 
reproduction of the parasite occurs at this stage inevitably involves 
snail in a vital and sometimes spectacular role, and as such deserv 
attention but no more than should that, for example, of the hate S 
of the fluke egg. An understanding of the ecology of the so 
however necessary in order to appreciate the precise relationship 
tween the snail and the parasite. 

L. truncatula is the only host of practical importance in Great 
(Kendall, 1950). Its distribution can best be understood by s 
escribing the moisture conditions which it requires. These are t a 
t e soil surface should be saturated with water together with a 1 
free water on that surface and where the pH of the water is not too 1 °' 
tor the survival of the snail. It is in areas where these conditions occur 
that the snail is found. These may be drainage ditches, muddy g at 
ways, springheads, overflows from drinking troughs, heavily P oach j\ 
land, around broken drains, badly drained land, and flushes on 
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climate and may therefore vary from season to season, y 


year, 


5Wo»j y , - «* — *■ 

penods of drought and wetness ecology. When there is 

changes is the dominating fiitro of “£3 eventuaUy rep ro- 
sufficient moisture the snail is active, 1 g dormant! and in 

duces; when there is not, the snaaes “™ d Idcal moiswre con- 
this condition can neither grow nor* epr ^ ^ habkats , 
ditions throughout the year ate J ar J j ma J cycle of the 

but from such cases it is possible tc > £ “d?® annual 

snail which is shown m Fig. 19- • J commencing in March 

Thenumher of daughter snails reaches its P-^ b ° U ^ U S ^ j 
of the daughter snails continues dunng “X-d Aepopida- 
St“inl h ed e ^ March, when growth and breeding 


l 
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Jan Mar May July Sep Nov Jan Mar May July Sep N° v 
Fig 192 The normal breeding cycle of L tnmcatula 

recommence but with increasing mortality, which continues through 
out the breeding season f « 

This basic cycle may be modified mainly by the intervention 
conditions, but sometimes by other factors so that occasion y 
second generation of daughter snails is produced in the autu j 
parent snails may live through a second winter with or 0 
breeding in their first spring, the breedmg season may be spbt m 
two — spring and late summer by the intervention of a droug ^ 
breedmg in a very dry spring may not occur in which case the pare ^ 
snails aestivate, often the parent population, having spent most o * 
life aestivating, may be represented by a few individuals capab c ^ 
breedmg, the same is true of very dense populations where the gront 
of individual snails is extremely slow , 

The precise effect of dry conditions on the snail may be seen ^ 
draining habitats This increases the environmental resistance an 
the snail responds by aestivating Young snails appear to withstan 
adverse conditions better than old snails Thus, if a habitat is drain 
m spnng, the parent population undergoes a marked initial fall 
lowed by a more gradual decline If the habitat is drained in summe. 
mere is little mortality during that year but a considerable one t 
following spnng followed again by a more gradual decline * 
ci er case, as is shown in Figs 19 3 and 194, even after a P crl - 
covering two breedmg seasons there still remains a small residue 0 
Reduction of the environmental resistance in habitats 
ccome wet, induces the snails to become active, and depending on 
time of the year breedmg follows Thar response to favourable co 
itions is remarkable and increases of population from 10 to 800 1 
square metre in twelve weeks have been encountered 
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Tic 19 4* Thc cffcct dra > m B c m s ummcr on 1 P°P u ^ tl0n 
of L. truncatula. 
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The snail is thus adapted to an ecological ruche in which there ar^ 
few competitors, and except for occasional birds, no predators, ^ 
where the hazards due to changes in chmate are severe Alt oug^ 
drought substantially reduces snail populations, individual snails ar 
able to survive for long periods and can quickly repopulate ha it 3 
with the return of suitable moisture conditions r 

Although the snail is essential to the completion of the life c)c e ° 
the fluke, its degree of importance cannot be assumed It is necessary 
to analyse the effect of snail populations on the level of fluke pop ^ 
tions and to determine whether the snail plays a dominant role in ^ 
life cycle Obviously the snail must be present for the cycle to 
completed This implies that the habitats of the intermediate an 
final host should overlap That the final hosts do graze on areas 
which may be habitats cannot be denied, but such areas of pasture 
not usually particularly attractive nor productive Further, since 
habitats of the snail are localized whilst the grazing area is not, 
vast majority of eggs put out by the grazing animal irrespective 
prevailing climatic conditions stand no chance of completing 
cycle However, when the populauon of snails is high and covering 
a wide area the chances of completion of the life cycle are greater an 
although it is usual to find a high snail population where there is 
outbreak of disease, observation shows that it is not a necessary P rcrc ^. 
quisite to a high fluke population This suggests that other parts o 
the hfc cycle are important 


FREE’LtVING STAGES 


the 


As yet little is known about the phases from the final host to 
snail There is little or no resistance to the fluke by the final host, a** 
since a variety of animals may act as hosts it follows that in those at 
where fasaohasis occurs there will be a daily output of eggs on to ^ 
pasture Those eggs not deposited in habitats stand no chance ° 
infecting a snail, whilst those eggs put on to habitats do not necessa ) 
develop Observations reported by RowchfTe and Ollerensba 
(i960) show that, in order to hatch, the egg must become separate^ 
trom faeces, there must be an adequate temperature for develop” 1 ® 1 ’ 
and sufficient moisture to prevent death from desiccation. The fa 
«ut there is almost no development below io° C indicates tn 3 
temperature is an important limiting factor for much of the y 641 . 
Untun. Although eggs in moist fceces remain suable for long P^ 100 
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v i , Trt o p winter, and could in theory lead to a 
IThM itddia in early summer this has not been detected to 

any noticeaUe mctent t> the number of eggs that 

evenly succeed in hatcHng 

both the no great 

to great environmental reststa ^ numbers hatching are 

powers of adaptation so that nu , . i , s , resu lt are 

much more violent than changes in sn ^ popu l at ion. 

This obviously constttutes a greathazard and dem ^ .^cations ^ 

determines the levd of fluke mfection. hvenwn 

penetration may not lead to infect.on (Robert, i 9S o). 


development in the snail 

v* sSX 

snails approaching 3,3°° P« s fl high infection on the 

would succeed in ^cung a mad ^ popuktion pres _ 

herbage would res . ^ t d snails in these conditions do 

sure is such that thts is not so. Inlectea ^ di( . before the 
not produce many cacame d higb^ # Jf pk rase of many 
infecuon becomes paten . I highest herbage counts have 

snads P'^Xtudll. quite moderate densities of snails (aoo- 

bcen recorded onhab tats^vi n q n e ^ quitc smaU , 

Coo per sq. m.). In such cases t P f ^ ^ thc snai]s were 

SSS5®rieastf*s^ 

ErtbZ M 4. development ot F. I„.~. « ™1 «■ 
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the laboratory and Table 19 1 confirms his findings m natural popub 
tions 


TABLE 19 1 Relationship betueen size of snail and number cf rediae ( all 
infections) 


mm. 

I 1—2 1 

2 1-3 0 


|4 1 5° 

51-60 

6 1-7 o| 

71-80 

8 1-9 0 

9 1 

No of 
Redue 

8 

J 

3 1-4 o| 

17 

1 

34 1 

44 

55 

68 

81 

103 


Instances of high herbage counts and low snail densities (50-200 
sq m.) indicate that any estimate of fluke populations on the basis 
snail densities may lead to erroneous conclusions Results obtain ^ 
so far show that a density of 5 snails per square metre carrying ma ^ 
infections existing under little environmental pressure is sufficient 
produce a dangerous cyst count on the herbage In terms or * 
this is an extremely low density and the fact that this density of nu ^ 
snails can at times be achieved m snad populations of the order $o ~2 
per square metre would indicate a less prominent role for the snail 
the life cycle , 

Not only is development of the fluke within the snad condition 
by the population pressure of the environment on the snad but it 
also subject to the effect of physical factors The ecological temp«f 
ture zero according to Kendall and McCullough (1957) 13 10 ^ 
as with the egg, is high enough to be important Aestivation o 
snad also affects the fluke as has been demonstrated by Kendall (*949 
Development is restricted but the fluke survives as long as the snau, 
and development proceeds normally once the snad becomes acti' 
Again the dominant feature of development of the fluke in the snau 
11 us interaction with the climate , , 

The production of cercanae from infected snails does not inescapably 
follow Infected snails are diseased snails and this may be $ccn f _ 
laboratory cultures where mortality among infected snails is oW 
*vere The production of cercanae tom snails carrying a matur 
infection is inhibited at temperatures below 9 0 C and the actual 
mechanism of production is obscure (Kendall and McCullough, *95 A 
but experiments show that it can be initiated by a slight fill m temp®*' 
r U , r f, mcc ccrcaf iac encyst on a vanety of objects there must 
r cr wastage of cercanae at this stage, but once the ccxcaru 
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encysted, the remainder of the transport phase is passive and de P en * 

the summer in weeks. JJetacnmexi / , * whoop remains 

not to occur to any appreciable extent provided the herbage remams 

alive. 


the final host 

As already indicated habitats do not usually provide particularly 
111 ^ • f ttnr v but towards the end of the grazing season, 

pastured whether grazed by c'attle or sheep te^ to be ^aten bare. 
This problem is intended ^kely m'beof importance in view of 

seems relevant at this s stage also ^*° , . mud snaU . Granted 

to been placed on seen where there are patches of bare 

that the snail can mo y frequently in habitats where there 

mud, but it has been found just a^^req^ JT^ ^ ^ be for _ 

was a complete cover of veg b le ^ ^ ^ ^ 

srSB.JS'- r'trJSS’S 

7 , . , - _r w rr*rinc olav no part in the infection ot the final nose 

sbce™h o S nly after soJ hours of encystment that metacercariae be- 
come infective . hcrb arc not p3rticu]arly meaningful, but 

ys «>? n to record that in habitats where fluke is causing 

trouble, counts in the region of about 1,000 cysts 

1— 1 „r A^A whaec are obtained. These cysts may ot course DC 
eaten by a variety of final hosts, but in this country only three arc of 
eaten uy a va j ra bbits. Cattle have some measure of 

importance si eep can affected as sheep whilst until 

r= ^as been paid to rabbits There is no doubt 

that the rabbit is an important host; in some habitats they have been 
responsible for up to 7 pcr cent of the fluke eggs being put out 
The infection in sheep may take one of two forms. The chrome 


17 + 
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form is due to a long-standing infection of a few flukes, and the 
form is due to large numbers of immature flukes migrating 


the liver at one time 


EFFECT OF THE CLIMATE 

A feature of outbreaks of acute fascioliasis is their wide ocCU ^.^ 
on many farms m an area, irrespective of the rates of stocking, 
ing husbandry practices and routme precautions It is the ° on _ 
of such outbreaks which confirms that physical factors oft e : en ^ 
ment are most important Those such as the topography o 1 g 
and its geological structure which may affect drainage, or t e s0 
which may or may not retain moisture, play a part in deternun^'b ^ 
seventy of an outbreak but it is temperature and moisture tna 
important , i Qp- 

Tables 19 2 and 19 3 show the effect of temperature on the ev ^ 
ment of the fluke egg (sec Rowcliffe and Ollerenshaw, 19^9) a 
maturauon of cercanae withm the snail together with t c 
monthly temperatures for several stations 


TABLE 19 2 Effect of temperature on fluke egg development 


Temperature 
°C °F 

Incubation period of 
fluke egg (days) 

Maturauon of cercanae 
(days) 

10 

5° 

No development ! 

No development 

15 

59 

40 

63 

20 68 

20 

34 

as 

77 

12 

26 


It will be seen that development is limited for varying periods dut“|5 
the year principally during the latter part of autumn, winter, an 


r .u«.»£/auy uuiuig uk lartcr pari or autumn, r> 

spnng Observations still in progress indicate that during sum 


doelopmcnt from deposition of the fluke egg to maturauon 


at lKUt ” ' sccks _ Temperature, however shows^,^ 


cyclical changes so that ns effect will be broadly similar m < 

>ears. and vanauons m the level of fluke populattons from y«r to) 
cannot be directly attributed to it. ^ 

Undoubtedly moisture is the most important smglc factor 
itats because of their \cry nature will provide suitable con 1 
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TABLE 19.3. Monthly am «e> of mean temperature { , 9 2t- S o) to nearest °C. 


Station 

Jan. 

Feb. 

Mar. 

Apr. 

May , 

JuneT 

July 

Aug. 

Sept. 

Oct. 

Nov 

Dec. 

Balmoral, 

Aberdeen- 

shire 

1 

2 

3 

5 

— ! 

9 

II 

13 

12 

10 

7 

3 


Bellingham, | 
Northum- 
berland 

2 

2 

4 

6 

9 1 

12 

14 

13 

11 

8 

4 

3 

Holyhead, 

Anglesey 

6 

6 

7 

8 

IX 

13 

IS 

15 

H 

11 

9 

7 

Newquay, 

Cornwall 

7 

6 

7 

9 

IX 

14 

16 

16 

IS 

12 

9 

7 


cat „r flic fluke when the surrounding land is at field 

for development of the fluke autu mn, maintains 

m summer, moisture i“, " MC in unison. It is the variation in 

““ *• “ °'“ 5 

k ^«,^a r ~si K - i= " r “S± l T= 

estimate of it may be ‘ may 8 bc measured, whilst the 

ramfall and eva P“» Ba ;/. NM ,Ministry of Agriculture, 1954). 

latter can be calculated ( ■ : n fni t he land is going to dry out 

and conditions ■will be unsuitao .. ■ r r ie u ranacitv. 

temperature does not limit d 1? uouj dcv( J 0 pment from the 

approidmately toce^mon ^ m3mratioQ of thc ccrC aria so that the 
Nuance of an excess^frainfall over evapom^on forsu^noi 

svfll be important, though some development is to be expected even 
when thc * wet'* peri ods are not continuous. 

* •Wet’ indicating ihat rainfall exceed! evaporation. 
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GEOGRAPHICAL DISTRIBUTION 

Rainfall and evaporation data are usually calculated on the b* 5 
calendar months Obviously a number of permutauons are poss 
and indeed do occur, and when related to temperature they go 50 
way in explaining both the geographical distribution and t e var ) 
incidence of fascioliasis in Britain From the data it can SI ^P £0 
temperature is, on the whole, not limiting during the peno 
October Consequently it is variation in soil moisture during ^ 
months which is of importance Examination of rainfall and cva P” 
tion data for differing parts of Britain reveals three distinct p 3tte ^ 
According to the first, seen in the counties of eastern England, eV3 P° 
don normally exceeds rainfall throughout the months of May, 

July and August Obviously in such areas unsuitable moisture c ^ 
ditions exist most of the time that temperature is not limiting so 


very little disease is encountered .. 

The second pattern is characterized by an excess of ramf 0 
evaporation all the year These conditions lead to peat f°^ mat '°, 
the aadity of which is inimical to the snail, which is not found wi ^ 
distributed m such areas This pattern is found mainly m the 
and mountains of Britain under condidons of high rainfall an 0 ^ 
temperatures In these areas the snail does occur but in small locals 
habitats termed flushes green patches of herbage surrounding 
heads Moisture conditions in such habitats remain relatively uni o • 
but often the temperature is too low for development to be comp e 
m one season so that the parasite overwinters m the snail and cttWl> 
on to the herbage in the following summer The combination of 
factors with that of the long life of the hill ewe result in constant ^ 
low fluke infections m hill flocks in this country, severe epidemics 
acute fasaoliasis being rarely encountered Table 1 9 4- shows 
results of sampling such a flock for fluke eggs in November 


TABLE 19 4 Incidence of fiuke eggs in lull sheep m November 


Age of sheep 
(yean) 

Lambs j 

■ 1 

2 

3 

4 

% infected 

9 

18 : 

l 35 

79 ! 

73 
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The third pattern is between these two extremes, occasionally all 
the months are 'wet’, occasionally all the months are ‘ dry’*, but more 
often some are ‘wet’ and some ‘dry’. September and October are 
almost invariably ‘wet’, so that the* greatest variation occurs in the 
months of May, June, July and August. It is in areas with this third 
pattern that fasriohasis can be expected, and the varying yearly inci- 
dence is attributable to the variations in rainfall and evaporation that 
occur. Such areas are found mainly in the lowland parts of south- 
west Britain where temperatures are sufficiently high for development 
outside the fmal host to be easily completed m one season. 

CLIMATE AND THE INCIDENCE OF FLUKE 
In this way the geographical distribution of fasriohasis may be 
explained. In those areas where fasaohasis occurs climatic differences 
from year to year will determine its incidence. It has been shown that 
in these areas variations in wetness occur chiefly m May, June, July and 
August and that some three months of continuous development are 
required before cysts will appear on the herbage. Obviously a number 
of permutations may give rise to outbreaks and Table 19.5 shows 
some results from Anglesey demonstrating that some of these permu- 
tations do occur. 

TABLE 19 5. Weather conditions m Anglesey, North Wales 


Year 

May 

June 

July 

Aug. 

Sept 

Oct. 

1925 

W 

D 

D 

D 

w 

w 

1929 

W 

D 

D 

W 

w 

w 

1933 

D 

D 

D 

D 

D 

w 

1936 

D 

W 

\V 

D 

W 

w 

1947 

W 

W 

D 

D 

W 

w 

*1949 

D 

D 

D 

D 

w 

w 

1954 

W 

\v 

W 

W 

w 

w 

I9S<5 

D 

D 

w 

W 

w 

w 


\V= Rainfall exceeds evaporation 
D — Evaporation exceeds rainfall 


Should May, June and July be wet, cysts could be expected on the 
herbage during August. If May is dry but August wet they would 
appear during September. If May and June arc dry but July and 

* ‘Dry’ indicating that evaporation exceeds rainfall. 


517 




Animal Health, Production and Pasture 


August are wet and the usual weather follows in September an ^ 
her, cysts will be deposited dunng October If August is wet a 
dry summer, then if the autumn is mild there may be some £ 5 * 
the herbage by early winter, but much of the infection wo 
wmter in the snail and cysts would appear on the herbage in 


lowing summer if May and June were wet ^ 

The greater the succession of ‘wet’ months the more sev ^£ ro0i 
outbreaks, years such as 1920, 1954 and 1958 when every mont ^ ^ 
May to October was ‘wet’ were disastrous years Sometime ^ 
addition to September and October, June, July and August o one y^ 
are ‘wet’, with wet weather m May and June of the following ) 
in which case outbreaks begin m the early winter m one year an 
late summer of the succeeding year The outbreak in these two y^ 
is however, directly referable to the infection of one group o 5 
m one year An example of this was noted in South Wales in . 
and 1955 This relationship m time between the various stages o ^ 
life cycle, which results from the interaction between the parasite 
temperature (assuming moisture conditions are favourable) is rC P c 
sented diagrammatically in Fig 19 5 in order to clarify the di cr ^ 
between the summer and wmter infections ‘Dry’ and wet S P ^ 
do not of course correspond with calendar months, nor are tempera 
completely predictable so that many variations are possible F lirt 
more simple calculations based solely on the difference between ^ 
fall and evaporation may be incorrect since the distribution of t e ^ 
throughout the month is an important factor Nevertheless, it " 0 ^ 
seem that by such processes as this, correlation between the le v ^ _ 
fluke populations and climate can be derived One approach has 

described for Anglesey by Ollerenshaw and Rowlands (i959) 30 ^ 
further development is leading to a system of forecasting epidemic 5 
England and Wales . 1 

A consideration in the light of the above discussion of the con 
measures as advocated at present shows that they are comply 1 
inadequate What may be right m one part of the country may 
entirely wrong m another, what may be right in one season 
wrong in the next For instance the source of infection in one } 
may be patent snails with overwintering infections, whilst in an° 
it may be daughter snails from which ccrcanae will appear in the $a 

>Clr ed 

The first stage m the control of the disease is treatment of inf?? 
animals. The c f carbon tetrachloride for sheep and hcxacU 
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" _ K1 1 WINTER INFECTION 

SUMMER INFECTION — — — 

Fig. ,9 5. Diagram showing .he timing of the life cycle m Bulam. {V*. Re ... 
7I.962) . . . , 

x. c j. ; c well known, but their use has its limitations in that 

—Ss^spsasst'tf 

aSssSS££=asas^ 

There are many areas where the topography and soli type render 
adequate dminage extremely difficult, particularly in very wet years; 
nevertheless it U interesting to record that great changes in fluhe 
populations under these difficult conditions have been obtained by 
limited drainage operations. 
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The use of copper sulphate and more recently of sodium P cn 
chlorophenate has been recommended for killing the snail an t ere 
preventing completion of the fluke life cycle Little wor on ^ 
effect of such treatment on natural populations of L truneatu a or 
their recovery has been recorded In Figs 19 6 and 19 7 s°mc res ^ 
of treatments are given In our experience an application 0 2 ^ 
copper sulphate per acre gives about a 75 per cent kill, but it must 
remembered that the application reduces the population pressure on 
snails that are left so that, given suitable conditions, populations ma 
be back to pretreatment level within twelve weeks Indeed, under v 
favourable conditions, considerable increases above the original c 
of population have been observed The use of molluscicides coup 
with increase of environmental resistance by draining gives 
results (Fig 19 8), but in such cases the long-term effect is no e 
than that of drainage alone as a small residue of snails still re ^ 
Since outbreaks may occur in the presence of only small d ensues 
snails, the use of molluscicides on this basis seems to offer little prosp ^ 
of success in preventing the disease The emphasis in the use of mo 
luscicides has hitherto been on killing snails when they v, erc cl , 
most numerous or about to breed Because of the long time reqnir 



Mijr June July Aug Sep Oct Nov Dec 


^ 1G ^ The effect of an application of copper sulphate in 

May on two populations of L. truncatula The habitats 
v.Tre sampled in May (before and after treatment) and 
asam m August and December 
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Fig. 19.7. The effect of applications of copper sulphate in May and 
August on a population of L. ttumatula. The habitat was sampled 
in May and August (before and after treatment) and again in 
December, March, May and November. 



Fig. 198. 'Hie combined effect of copper sulphate 
and drainage on a population of L. tnmcatuJa. 
The habitat was sampled in May (before and 
after treatment) and again in September, 
March and October. 
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for the completion of the life cycle of the fluke it is usual for this 
happen only once in each year, so that there is usually only one g 10 ® 
of snails which produces the infection in any year The application 
mollusciade should therefore be directed against infected snai c 
they have produced their infection on the herbage, and it is conn cK , 
that to kill 75 per cent of the infected snails before they have pro uce ^ 
their infection would substantially reduce the seventy of an acu 
outbreak with the result that it could be controlled by dosing svi 
bon tetrachlonde 

An appreciation of the epidemiology as discussed here gives so ^ 
indication when the molluscicidc should be applied m Marc 
April if it is to kill an overwintering infecnon, m August if early sum 
mer is wet, m September if late summer is wet, or not at all if it 15 
throughout the summer Similarly, the timing and frequency 
dosing stock should depend on climatic conditions during the sun^ 
mer Also the movement of stock to fluke-free fields and the ^ e ^ cU ^ c 
off of habitats could be undertaken with regard to the expecte ^ 
of deposition of fluke cysts on to the herbage Experience on o ^ 
farm in Anglesey during 1958, a particularly bad year for acute discas , 
has shown that this approach can substantially reduce losses 

Control measures of this kind obviously require considerable kno" 
ledge of the epidemiology of fasciohasis on the part of the flockmastc 
and his advisers, and this in itself constitutes a great difficulty m contro ^ 
At the same time it would be very wrong to suggest that the epi ein j^ 
ology of the disease is as yet thoroughly understood or that 
generalized recommendations can be formulated which svoul 
effective in controlling the disease 
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CHAPTER TWENTY 


The Helminths of the Horse in Relation to the Pasture 

D POYNTER 

Introduction- — Helminthiasis — Parasite control on pasture, in the horse & 
disposal — Control of ptn-ti orms and tapeworms — Conclusions 


There are more than fifty species of roundworms that are capa . 
living within the horse They lay eggs which are passed, wit 
dung, out on to the pasture and when it is realized that the 
contain upwards of 1,000 eggs m each gram it is not surprising to 
that estimates have been given that 40 horses might pass out } r 
million eggs per day The amount of pasture infestation may 10 
be prodigious and it is the aim of this chapter to consider t ^ 
methods which may be adopted to control the level of the parasite 
the paddock ^ 

For pracncal purposes it is proposed to divide the roundworms 0^ 
the horse into three groups The first includes one species, ^ 

e quorum , the large white roundworm that lives in the small intes tin 
This parasite produces eggs which are passed in the dung on to ot 
pasture where they embryonate and become infective but °° n ^ 
hatch Horses become infected by ingesting the eggs The seco 
group comprises a multiplicity of species which arc for convenieti 
oiled the small strongylcs The common members of this group » 
Trtchonema spp , Tnodontophoms spp , Poteriostromunt spp . * Tl * , 
strongyhs axe 1 and Gyalocephalus capttaius The members of the tn 
group, the large strongyles, arc Strongylus vulgaris and S edentate 
well as the now rather rare speaes S equtmis All the strongj 
worms produce eggs which hatch on the pasture to produce mo 
tnfeeme larvae 
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There arc other species of worms living in the horse that do not 
conveniently fit into the above groups. The pin-worm, Oxynris eqni , 
lives in the colon and rectum where the females pass eggs out with the 
dung. The eggs embryonate but do not hatch until ingested by horses 
when they set up new infections. The female worms irritate the 
perineum and attempts on the part of the horse to rub the affected 
area on any convenient object may lead to dermatitis. Horses may 
also harbour tapeworms of the genus Auoplocephala. These worms 
live in the region of the ileo-caccal junction where they may produce 
ulceration of the mucosa. The eggs are passed in the faeces and 
ingested by pasture mites in which they develop. Infection of the 
horse occurs when it eats these mites. 

The pasture as well as providing the natural food of the horse also 
provides a reservoir of infective material. With the intensity of 
equine breeding present in our studs today it follows that unless care- 
ful control is exercised the pastures cannot fail to become contaminated 
so that the parasitic diseases of the horse provide a real problem. 

HELMINTHIASIS 

Before mentioning the methods available to control parasitic 
diseases in horses it is necessary to discuss briefly the diseases them- 
selves. Of all the worms that are mentioned above there is one, 
5. vulgaris, that is of greater pathogenic significance than all the 
others. S. vulgaris migrates in. the arteries of the horse where it 
produces arteritis, especially in the region of the cranial mesenteric 
artery. The parasite is also responsible for coronary thrombosis and 
colic. Every year foals die as a result of S . vulgaris in their arteries. 
The disease is initiated by migrating larvae against which there is as 
yet no recognized treatment. So until such treatment is available or 
until such time as it is possible to immunize foals it follows that the 
only method on hand to combat the disease is one of control. 

S. edentatns also undergoes an extensive migration involving the 
parietal peritoneum whilst small strongylcs have relatively limited 
migrations, being restricted to the gut lumen or layers of the gut. 
Apart from the damage done by the migrating worms it is undesirable 
to have horses harbouring large burdens of adult worms in their 
intestines. 

Parascaris equorum migrates by way of the liver, lung, trachea and 
oesophagus to the small intestine. Foals arc often found harbouring 
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400 or so of these large worms and cases are on record of ascand bu 
dens causing perforation of the small intestine j 

Although we have a good idea of the pathological lesions pro u 
by S vulgaris, little attempt has been made to study the effects o ^ 
individual strongyle species, but accounts have been pubbshe 0 
gross effects of a mixed strongyle infection (Archer and oyn • 
1957 ) Such infections produce anaemia and retardation in 
gam Although much is lacking m our knowledge of helmm ^ 
as it affects the horse, enough is known to show that the problem 
senous one and if the only parasite of the horse were S vulgaris 
control measures about to be described would still be essential 


PARASITE CONTROL 

The problem of the parasite on the pasture is one which effects 
horse owners but it is to the thoroughbred-breeders that the acu 
aspects of helminthiasis are more likely to present themselves in 
way of valuable foals dying suddenly as a result of S vulgaris in ® 
arteries The development of helminthiasis is, however, usua ^| 
gradual, progressing as worms migrate in the body and intes 
burdens increase . 

The pastures of our stud farms are in the mam used by mares, 0 $ 
and yearlings Once a horse becomes a two-year-old it comment 
training and for the rest of its racing hfe it does not normally hve f 
pasture Mares arrive at studs *in foal’, once there they ‘foal d° 
and arc subsequently served Mares often arrive bearing heavy vvo 
burdens and eventually they are put out to pasture with their new ° 
Although those responsible for the care of the mare may have sent ® 
to the stud after anthelmintic treatment, such limited control is 
from adequate One mare with a high burden or ten mares with 0 
burdens can easily provide enough infective material to make 0 
hood hazardous even if the animals concerned are grazing on an ers 
while clean paddock. 

There are tv. o places in which the parasite may be attacked ^ ir5 
an attempt may be made to exercise control of the free-living stages 0 
the pasture and secondly the worm burden within the horse may 
controlled by anthelmintics 

CONTROL OF THE FASTURE 

Once a given pasture has been grazed by horses it will harbour 
infecme nematode stages put out by those horses In theor} tb* 
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are four methods by which the nematode burden on a contaminated 
pasture may be reduced: (i) deep ploughing and reseeding; (2) rest; 
(3) treatment of the pasture by chemical substances; (4) mixed grazing. 
Consideration will also be given here to (5) harrowing, and (6) the 
manual picking up of faeces. 

Ploughing and reseeding. This method is employed when it is known 
that a given pasture has been grazed by horses known to be passing out 
with their dung quantities of infective material. It may be assumed 
that any group of horses will, providing they are not under careful 
and consistent anthelmintic control, put on to the pasture large quan- 
tities of infective stages. The recommended procedure is to plough 
for a depth of at least nine inches and then to reseed, the principle being 
that the parasitic eggs and larvae will be deeply buried and not be able 
to survive and work tbeir way up to become available on the subse- 
quent herbage. It is debatable whether even this drastic treatment is 
completely effective. Such a step obviously renders a paddock 
temporarily useless as a pasture and although worth while for parasitic 
control it is often found that when consideration is given to other 
important factors it is impractical. 

Rest. Many of the recommendations made for the control of the 
parasite on equine pasture arc made on the basis of similar work con- 
ducted on sheep or cattle pastures, and whilst they are probably valid it 
must be borne in mind that we arc dealing with different nematodes 
and that in this case extrapolation may be misleading. An examina- 
tion made on a Newmarket stud farm one year was particularly inter- 
esting. The paddocks in question had from the spring to the early 
autumn been grazed by adult horses under no anthelmintic control. 
It was obvious then that a large amount of infective nematode material 
had been put on to them. An answer was wanted to the question, 

* Will these paddocks he fit for foals next season? * During late autumn 
the paddocks were examined on at least three consecutive mornings. 
Employing the technique described by Crofton (1954) it was impossible 
to find appreciable numbers of infective larvae. In fact, in the whole 
examination the only parasite found was one infective larva of the 
genus Trichoncma. The technique was working as was shown by the 
recover)' of free-living nematodes. At the time of the inspection wc 
had just experienced a summer of prolonged sunshine and the soil on 
the paddock was described by the stud-groom as ‘baked’. In this 
case the owners were advised that the paddock would be suitable for 
next year’s foals, but the)* were cautioned that the mares should be 
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carefully controlled. It is therefore reasonable to conclude that * 
given pasture is rested during a hot dry summer and for the nex 
winter, it will not have on it large quantities of parasitic nemato es. 
As a general rule it is advisable for foals to use paddocks that have een 
rested for at least a season and not to let them graze pasture previous y 
utilized by other horses. 

Treatment of the pasture with chemical substances. There is 3S yet 
known method of controlling the population of infective nema o 
stages on a pasture by chemical means. Much work has been came 
out on this aspect, but no effective inexpensive chemical has yet 
found. Until it is we must look to the other methods outlined in t 
chapter. 

Mixed grazing. Cattle parasites do not mfect horses and c< l^f C 
parasites do not infect cattle. This fact forms the basis of control y 
mixed grazing. A pasture which has been used for horses is su sc 
quently used for cattle which ingest and destroy many of the cquin^ 
infective larvae and ascand eggs. By employing this metho ^ 


alternate grazing between catde and horses, pasture infestations ^ ^ ^ 


allowed to reach high figures. There is one parasite T. axei , 

unaffected by mixed grazing since it is able to live in both horses an 
catde. Fortunately this worm is of little pathogenic significance in 
horses so that mixed grazing has no drawbacks and is a method to 
advocated. It is used on several Newmarket studs and no case ° 
parasitic gastritis due to T. axei has yet been diagnosed. 

Harrowing. It is as well here to mention the practice of harrowing- 


^ t ^ ut harrowing is a worth-while part of worm c 


a that the dung is broken up and spread around the paddock a 
the nematodes in the dung are thereby exposed to adverse dim* 
effects. Even if this is so it must be remembered that such a prac« 


material over the whole paddock. It is well kn°** 


that horses graze in a selective manner. In a paddock occupy 
__ ° rscs *°r any length of time it is easy to see that they dcfaecate in 


a Iras and graze in others. This phenomenon is well seen at t 

when pasture posvth is at a low level. Dunne several summers poa 
» were l- . , , b , when 


nmes were noticed scratching around almost barren pasture 
only a few yards away were patches of luxuriant crowth. On elm* 


. s away were patches of luxuriant growth, 

eaammrnon it was seen that quantities of dung were present in 
pan but that none w ere present where the ponies were eating. Th” 
aw ^ r c- ,hat hotK! wll not graze near their <fc®S 

> rom u. Harrowing could upset selective feeding. 
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method is obviously inferior to the manual picking up and disposal of 
faeces. 

The manual picking tip anti disposal of faeces. There is one simple step 
that is of paramount importance in any method of pasture control and 
tills is the manual collection of faeces. The dung should be removed 
from the pasture once or preferably twice a week. This method is 
rigidly employed on some well-managed studs and it is known to be 
effective. The strongyle eggs in the dung take, under normal con- 
ditions, about ten days to batch and progress to third-stage infective 
lame, so that if the dung is picked up before this period has elapsed 
pasture contamination is prevented. 

Consideration has been given above to those steps which may be 
applied at least to reduce pasture contamination. Ploughing and 
reseeding is to be recommended, but it is too drastic to be employed 
as a routine procedure. Resting a pasture from late summer to the 
next spring is a convenient practical step and allowing cattle to graze 
after horses so that they act as larval clearers is another method of 
choice, together with the manual collection of faeces. 

CONTROL OP THE PARASITE IN THE HORSE 

So far consideration has been given to those methods which do not 
involve the actual administration of anthelmintics to horses, but it 
must be emphasized that it is within the horse that the parasites are 
concentrated. Any pasture attack involves combating a dispersed 
population but by treating the actual horses it is possible to kill a con- 
centration of mature worms and prevent their subsequent reproduction. 
The chief source of infection to the foal is without doubt the mare. 
Marcs and foals run together at pasture and even if the pasture is new 
it will, unless the parasitic population of the mare is controlled, sup- 
port within a few days a larval level dangerous to foals. 

The nematode population of the mare. Marcs harbour in their intestines 
a diversity of nematode species with a tremendous reproductive 
potential. Some idea of the reproductive capacity of the worms is 
given in Fig. 20.1 which illustrates the egg counts of a group of pony 
marcs kept at pasture (Poynter, 1954). It will be noticed that egg 
production increases rapidly during the spring and reaches a peak in 
the late summer after which a drop occurs so that egg production is 
again low during the winter. A similar picture to this is seen on 
thoroughbred studs. It is obvious that the number of eggs passed in 
the faeces of the marc increases at the time it is running at grass with its 
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Fig. 20 i. The parasitic egg production of a group of pony mares kep 
pasture. The seasonal fluctuation m the number of eggs P 
shown. Pasture infestations increase at the time when young '< 
graze with their dams, hence the necessity for the regular collect 
of droppings. 


foal. Pasture infestations therefore increase at the time when ^ 
young susceptible foals are most in need of protection. It * s sUC 
state of affairs that leads to acute parasitism m the foal. ^ 

It is possible for mares to have cee counts in the order of 2-3 • 

f t- . . DO /- Vieras'. 


egg 5 per gm. of faeces and yet show no signs of parasitic diseas 


Providing the mare is on a good plane of nutrition there is htdc do 
that a large intestinal burden of adult worms can be tolerated. ^ 


treatment tbe mares receive will be as much prophylactic treatm^ 


for the eventual benefit of the foal as it will be therapeutic treatment* 
the marc. It is important at this stage to realize that there is no 
static about a worm population. It is not merely a matter of retn° - 
the gut population and assuming all is well. Anthelmintics have 
effect on worms undergoing their migrations. Gibson (i953) 
eluded that the de\elopment of large numbers of larvae is inhibit 
the histotropHc stage and that they leave the mucous membra*** 
the caecal wall after the adult worms in the gut have been removed «£ 
an anthelmintic. There is in the adult horse a store of larvae living 


the tissues wamng to enter the actual lumen of the gut. Thus one C 
of an anthelmintic will only result in the replacement of an ev*** 
gut population by another one. Providing mares are not subject 
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reinfestation it follows that repeated anthelmintic treatment will 
gradually deplete the total number of worms in the body and such was 
Gibson’s experience in the aged horses he used for his work. However, 
as conditions exist today it is likely that reinfection will occur and con- 
sequently further controls must be applied. 

It is necessary at this point to discuss in some detail the best practical 
methods which may be applied to ensure that the mare is not a menace 
to the foal, keeping in mind the fact that it is easier to kill the worms 
in the horse than it is to kill them on the pasture. 

About one month prior to the expected date of foaling every mare 
should receive a full therapeutic dose of phenothiazine and piperazine. 
It has been shown by Toynter and Hughes (1958) that such a mixture 
gives a much better kill of the large strongyles than that achieved by 
either anthelmintic alone. Piperazine is given at the rate of 10 gm. 
per 100 lb. body weight with a maximum dose of 80 gm., whilst 
phenothiazine is used at the rate of 3 gm. per roo lb. body weight. 
This combination of anthelmintics will rid a horse of the vast majority 
of its gut-lumen strongyles and ascands but it will not affect the histo- 
trophic stages of these worms. It is good practice to dose the mare 
again using the same anthelmintics at the same rate ten days or so after 
the birth of the foal, i.e. after the next service. The mare with her 
foal at foot will now soon be going out to pasture and it is at this point 
that control treatment becomes necessary. The two full doses of the 
anthelmintic mixture will have considerably reduced the helminth 
burden, but no chances must be taken of the mare passing fertile 
nematode eggs in her dung. 

} Gibson (1945, 1949), Dimock (1949). and Todd, Hansen, Kelley and 
Wyant (1949) have all studied the effects of small daily doses of pheno- 
thiazine on the strongyle worms of the horse. If horses are fed 2 gm. 
of phenothiazine per day then there is a significant reduction in the 
number of strongyle eggs passed and there is also a suppression in the 
fertility of such eggs. Gibson (i960) recently reported the results of 
an experiment in which he fed one marc one gm. of phenothiazine 
daily prior to and after she gave birth to a foal. The strongyle egg 
count of the mare never exceeded 2 c.p.g. and the marc and foal were 
on a paddock upon which horses had not grazed for several years. 
Despite this the foal became infected and at a post-mortem examination 
performed when it was just over one year old 638 Tricltottcma spp. and 
9 t*tt Igaris worms were found. There is no doubt that after acquir- 
ing its initial infection the foal itself was responsible for pasture 
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contamination and its own subsequent reinfection The expentnen 
well illustrated the fact that foals too must be put on t °J oW V^ c 
phenothiazine and this aspect will be considered later There ^ 
been many variations of the low-level phenothiazine regime that a ' 
been recommended On the assumption that there may be long-tt ^ 
toxic effects it has been suggested that adult horses should be osc 
the rate of 2 gm daily for the first 20 days of any month and mat t 
should receive no treatment for the remaining 10 or 11 days 0 
ever, Hansen Todd and Kelley (1949) were unable to observe an^ 
pathological lesions in the liver, heart, lungs, kidneys and spleen 
four horses which had received either 05 10, 20 or 40 gm ^ 
phenothiazine every day for 14 months There were no changes 
the erythrocyte counts It has been found that 10 grams of p cn< *" 


thiazine given once per week has a similar effect on the reduction m 


numbers and fertility of nematode eggs passed in equine dung 
that when given at this rate fertile nematode eggs appear after a 0 


uidb wucii given au mis rate iertue nematooe eggs appw ■ — 1 

six months Enough has been demonstrated to allow the recommen^ 


tion of 2-gm doses This regime which has been widely used 
United States and in Great Bntam is satisfactory Ten grams or 
grams once per week will also work at least for the period P rtor 
weaning 


Accounts are just beginning to appear of worms carrying on 


the* 


production in the continued presence of low-level phenothiazi 
>rudt»e Wvrmr /, n „\ horses 'VWC» 


Drudge Wyant and Elam (1955) suggested in studying h° rscS ^^n C 


had been treated for four years with small daily doses of phene - 
that certain species of small strongyles were relatively refractory t° ^ 
effects of treatment Gibson (i960) reported one mare in which ^ 
daily treatment with 1 gm of phenothiazine nematode egg coU . n ^, Jt 

200-400 w ere obtained He regarded his observation as isolate 


fortunately is, but it seems likely that wc are seeing the emergcucc^ 


equine nematodes resistant to phenothiazine It is not the pro'’ 1 


of this chapter to discuss fully this interesting and controversial top ,c 


K ^ oes illustrate the necessity for employing the services of 


s of the 


laboratory to help with any control programme The faeces c- 
horses should be periodically checked to make sure that the co*#^ 


— ycuoaicaiiy checked to make sure tnai - , 

measures art proving effective and any breakdowns dealt 


^^“‘Sjfun doses of phenothiazine and piperazmc together^ 


imtang any pasture change which b( . come necessary 
qumnons ailed by stud managers can only be answered by a know WS 
01 the nematode picture as reflected by &ecal examination. 
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Whilst discussing the nematode population of the mare it is impor- 
tant to emphasize that any new arrivals on a stud should be isolated 
before being turned out to grass. Horses must only go to grass when 
they have received full doses of the anthelmintic mixture and when they 
are on the low-level phenothiazine regime. One horse with a high 
egg count grazing one pasture for one day can contaminate that pasture 
and make it unsafe for foals, thus undoing something which it may 
have taken months to attain. 

The nematode population of the foal. The foal is bom free of worms 
but from its first days on the pasture it begins to pick at herbage and 
thus it meets its first parasites. These undergo their greater or lesser 
migrations and arrive back in the gut again where they commence 
egg-laying and consequent pasture contamination. The first worm to 
reproduce and give rise to eggs in the foal’s faeces is Strongyloides 
westeri. This parasite is common m foals and it produces quantities of 
eggs in the faeces. It has yet to be shown conclusively to be patho- 
genic and although some workers have suggested that it causes scouring 
it is relevant to note that out of 143 animals at Newmarket found to be 
harbouring the parasite only 13 (9*0 per cent) were scouring. The 
eggs of the parasite are found in the faeces at about 1-4 weeks of age and 



treatment v.a* given. 
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reach high figures, up to 24 000 e p g , during the first three mon ^ 
life after which a sharp drop occurs so that the incidence in yearly 
is a mere 0-4 per cent The parasite is a skin penetrator hut %vx 
presents no great problem it is beyond the scope of our present c 
sideration. 

At about eight weeks of age the first eggs denoting true mj 
with small strongyles appear m the faeces of the foal Strong) c ^ 
may be seen before this time, but they are probably due to 
coprophagic habits of the young foaL Figs 20 2 and 20 3 155 

the build-up of strongyles and ascand infections in the fo ^ 
results were all obtained by studying pony foals at grass an 
anthelmintic drugs were at any tone administered It C flife 
that the strongyle egg count nses during the first few months 0 ^ 
and reaches a peak at about 28-32 weeks, after which it f* 0 ®' 
nse again during the following spring Ascand eggs were : fi* 51 ^ 
at about 9 weeks of age and persisted for about six months aft« ^ 
that numbers declined. Should the egg production of the p*™ 
wnthm the foal remain unchecked, then it is apparent that a ver) c 
siderablc degree of pasture contaminanon will result, 
e first eggs of the large white roundworm (Parascaris 
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5,n» it — » s' ven « %■? » f sti 

The Latins of foals for ascarids serves a dual purpose since weU 
eliLnaringLe ascarid population of the small intestine it also pre- 
vents pasture contamination. <• i ][ 

When the foal is about 9-1 1 weeks old, the eggs of the smaU 
strongyles arc first seen. Ascarids and small strongyles both 
suseepriUe to piperazine and so there is no pomt m (rearing young 

LLt shouldbe given at about eight weeks of life so as to affect the 
ascarid and small strongyle burdens before they ^esubbhed 
Subsequent treatment will be necessary of course to ehmmate any 
further worms which arrive; faecal examinations will reveal the need 
for this. If it is not possible to arrange such checks then it is as well 
re-treat at an interval of four weeks, i.e. at about 12 weeks of age. 
Between the 20th and 25th week of the foal’s life the first nnembers o 
the large strongyles begin to arrive in the gut, and consequendy onee 
a foal reaches this age it is necessary to employ a mixture of p.perazme 
and phenothiazine since such a mixture gives better results than either 

anthelmintic used alone. • 

It is difficult to prescribe a routine of anthelmintic treatment to suit 
every foal, since they obviously pick up infections at different rates. 
As a general guide it is advisable to treat die animal with piperazine in 
the 8th, 1 2th, 16th and 20th week of life. Due to the presence of die 
large strongyles after the 25th week any subsequent treatment should 
be carried out with the mixture. The first treatment with this mix- 
ture is required on the 25th week of life. There is obviously no point 
in prescribing low-level daffy phenothiazine treatment for foals bdow 
the age of 8 weeks since it is not until they reach this age tha diey have 
ptesmt within dicir intestine their first egg-laying strongyles. If the 
, piperazine treatments mentioned above arc given then, there is no need 
for low-lcvcl 'phenothiazine for the week following each treatment 
1 vdth piperazine. As has already been mentioned, Gibson (i960) 
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i low -level 


recently demonstrated that even if a mare was kept — coU ]d 
phenothiazxne at the rate of one gm per day a strongyle infection . 
still develop m her foal He showed that the number or eggs P 
m the mare’s faeces was very low, never nsmg above two per S ^ 
but that the foal picked up a small infection presumably 
eggs This infection matured so that the foal became infecte 
larvae from the eggs it had itself produced The mare 311 o £ 
grazed a paddock that had not been used by horses for a nuin ^ 
years and the mare was put on to the paddock prior to foakng *m ^ 
her egg count had been reduced to zero It is true that the o 
contracted a small infection, hut the results show the poten ^ ^ 
of leaving foals untreated It is a wise precaution to suppl etnen ^^ 
full doses of piperazine which are recommended at monthly in ^ 
with courses of low-level phenothiazine at the rate of I g 113 ' P er ^ 
After a dose of piperazine and phenothiazine there is no need to ^ 
for one week after which low -level daily phenothiazine sho 
started and this course will finish when the next full dose is given- 


DISPOSAL OF DUNG . 

The proper disposal of manure from stables and yards is obvl ° ^ 
an essential part of sound management Fresh horse manure ^ 
never be spread on horse pastures since it will disseminate ini ^ 
eggs and larvae. The manure must be stored so that it ferments, 
heat generated destroying the infective stages of the parasites 
manure is stored in open piles then the outer six inches 

pile must he turned m every week so that it too is heated It has ^ 

shown that horse manure may be efficiently ‘ sterilized by k^P 111 ^ ^ 
for two w eeks in closed w ooden boxes having double sides and ^ 
floors As a general rule, horse manure should be used on fields " 
arc to be pastured by other animals or used for crop production 


It must be remembered that after anthelmintic treatment 


many 


uiai alter amnciimimi. — these 

worms are likely to be passed in the fiieces of the horses and that tn 
worms will contain eggs If phenothiazine is being used then 
seems little likelihood of such eggs producing infective larvae, ut f 
same need not he true when considering w orms passed after P J P^ 
treatment. The two anthelmintics act in a different manner ° 
passed after phenothiazine are usually dead, but those passed 
piperazine arc narcotized and if collected from the dung quickly ® » 
ma> be revived and produce fertile eggs It is therefore P° ss f lc X 
a small portion of pasture could become heavilj contaminated 
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TABLE 20 , 1 . A summary of control measures which are applicable to stud farms and 
other premises where horses are kept 
(Further details of the individual items may be found in the text) 

The Stud 


Isolate new arrivals and 
treat with piperazine 
and phenoduazine 


Foals on ‘clean * 
paddocks 


Every horse must be 
included in the pro- 
gramme. Barren 
mares and others 
not included below 
should be treated 
as yearlings 


Mate PTZ/Pip. 


One month 
before 
foaling 


Low-level PTZ 


Faeces examinations and fur- 
ther PTZ/Pip. treatment 
as indicated. If no exam- 
ination possible PTZ/Pip. 
at least every two months. 


Low-level PTZ 


Pip. Pip. Pip. Pip. PTZ/Pip. , A ■> 

Faeces examinations and 
further PTZ/Pip. treat- 
ment as indicated. If no 
examinations possible 
PTZ/Pip. at least every 
8 12 16 20 25 two months. 

Low-level PTZ 

Faeces examinations and further PTZ/Pip. treatment as 
indicated. If no examinations possible PTZ/Pip. at 
least every tsso months. 



Mixed Braring 

Rest of pasture— 


ploughing and 


reseeding 
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particularly applies to ascands where the body ma) decompose leasing 
behind a quantity of fertile eggs How far this theoretical danger 
real is unknown, but it docs illustrate the importance of the intc g 
disposal of dung passed after treatment 


CONTROL AS IT ATFECTS PIN-WORMS AND TAPEWORMS 
The control measures described abo\c will have some effect on 
Oxyuru equi since it has a direct life cy cle and further the adu ts at 
75-85 per cent susceptible to mixtures of phenothumne and piperazine. 
The tapeworms of the horse are not generally considered as danger 0 ^ 
and there is a paucity of information with respect to the effect 
anthelmintics They arc not controlled by phenothiazine or 
zme, but will of course be subject to the other control proce w 
mentioned previously However, little is known of their ecology 
relation to the pasture mite In any event they do not pose a serio 
problem 


CONCLUSIONS 

Table 20 1 illustrates the mam features of a parasite control sch«n= 
but it must be emphasized that any effort expended must be unre *^5 
or else control will break down. There arc two places where 
worm population may be attacked in the horse and on the P 3 * 

It is easier and more effective to attack worms in the horse an ^ 
current anthelmintics arc capable, when properly administerc . 
ensuring that any dung passed will contain a minimum number 0 
eggs However, anthelmintic attack must be coupled with sot® 
pasture management so that the chances of dangerous infect®® 
building up arc reduced to a minimum. 



References 

therapy for horses, II. A taxonomic study following four years of treatment, 
Am.), vet. Res., 16, 18. 

Gibson, t. E. (1945). The effect of small repeated doses of phenothiazine on 
strongylid infestation in the horse. Vet. Rec. t 57, 3d. 

Gibson, T. E. (1949). Further observations on the effect of small repeated doses of 
phenothiazine on strongylid infestation in the horse, Vet. Rec 61, 451. 

Gibson, t. e. (1953). The effect of repeated anthelmintic treatment with pheno- 
thiazine on the faecal egg counts of housed horses, with some observations on 
the life cycle of Trkhonana spp. in the horse,/. Helminth., 27, 29. 

GIBSON, t. E. (i960). Some experiences with small daily doses of phenothiazine 
as a means of control of strongylid worms in the horse, Vet. Rec., 72, 37. 

uansen, m. f., todd, a. c., & KELLEY , c. w. {1949). Continuous phenothiazine 
therapy for horses. Part If. Haematological studies with a note on post- 
mortem findings, Vet. Med., 44, 415. 

poynter, d. (1954) . Seasonal fluctuation in the number of strongyle eggs passed 
by horses, Vet. Rec., 66, 74. 

poynteh, d., &. huches, d. i. (195S). Phenothiazine and piperazine, an efficient 
anthelmintic mixture for horses, Vet. Rec., 70, 1183. 

TODD, A. c., HANSEN, m. F., kelley, g. w., & wyant, z. N. (1949). Continuous 
phenothiazine therapy for horses. Part I. Effect on the worm parasite. Vet. 
Med., 44, 4u. 



CHAPTER TWENTY-ONE 

Ectoparasites and Pasture 

D W JOLLY 

Introduction- — Ticks the sheep tick, other ticks — The honest mite — ■Attacking 
sheep maggot fltes, t< arble flies, horse-hot flics, sheep nostril fly — Conclusions 


Pasture, be it heather, heath or park land is a nursery and hun 
ground for a vast population of insects, ticks, mites and other 
of the phylum Arthropoda Salt and his co-workers (i94 8 ) 
estimated that at the end of the summer there may be some 14 ^ 
nulhon arthropods per acre of pasture The majority of these ^cr 
tures are overlooked by the fanner because they cause him no 3 
those which do concern the farmer attack his livestock to take 
blood, or feed upon their tissues Mammalian blood is p r ® 3 . 
unsurpassed as a complete and concentrated food, and provides t e ^ 
nourishment for a wide \ ancty of arthropod species varying 
larval tick to the horse fly {Tabantts spp ) Since the average 
resents the attack which is the essential prelude to a blood meal, 
blood-sucking arthropods obtain their food without causing 
animal immediate discomfort, or select those portions of the 
body from which they are not easily dislodged Tlie horse fly, a r ° ^ 
blood-sucker with a painful bite, will take blood from the nee*- 
withers, out of reach of the horse’s tail or teeth Other spea« 
the suckmg louse, become permanent residents on the body of the 
and draw their blood painlessly There arc occasions, how ever, * ^ 
the lice become too numerous, with the result that the skin reacts ^ 
t 01 presence and eczema develops The main tissue fro 60 t 
opposed to blood-suckers, are represented by the larval stages or ®' 3 £. 
orms of the sheep blowfly, Uicilta seneala, of the warble fly, HfP° 
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species, and of the sheep nostril fly. Oestrus ovis. However, the most 
dangerous blood-sucking arthropods are the ticks which, as they 
possess eight legs, belong with spiders and mites to the class Arachnida. 
Ticks are a danger to livestock throughout the world because of the 
diseases they transmit. They are also intimately associated with the 
pasture upon which most of them spend the greater part of their 
existence. 


THE SHEEP TICK 

MacLeod (1939) lists thirteen species of tick which occur in Britain, 
none of which, however, is a serious pest, with the notable exception 
of Ixodes ricinus, the sheep tick (Fig. 21. 1). In 1932, MacLeod and 
Gordon showed that the sheep tick transmitted the virus oflouping-ill, 
an encephalomyelitis of sheep and cattle. The same tick has also 
been incriminated as conveying the causal agents of tick-borne fever 
and tick pyaemia of sheep, and redwater of cattle. For these reasons 
the habits of this tick have been studied by a number of research 
workers. 

The sheep tick occurs mainly on upland moors and heath pasture 
where the ground cover consists of bracken, heather, rush and rough 
grasses of the Nardus, MoJinia , and Agrostis species. However, there is 
little doubt that the main pasture requirement of the tick is a high 
humidity, and provided this is present, the nature of the soil vegetation 
is of secondary importance. Milne (1944) has shown that ticks will 
survive where the surface geology results in poor drainage. Arthur 
(1948), who has studied the sheep tick in Wales, also noted that a high 
moisture content was the essential factor in the free-living existence of 
the tick and that the flora of the soil was less important. He suggested 
that the sheep tick showed a preference for peaty soil, and described 
some salt marshes which were free of tick despite the fact that the 
adjoining land was infested. Milne (1944), however, found no con- 
sistent correlation between the distribution of the sheep tick and the 
soil pH, available phosphates, soil texture, or soil depth. It would 
appear, therefore, that the sheep tick only requires the protection of 
a moist ‘mat’ of vegetation in which to develop undisturbed from 
one stage to another and from whence to emerge to take its blood 
meal. 

Ticks feed only at certain specific times of the year. Usually they 
appear on the bodies of grazing animals in April and continue to be 
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present until May or early June. During the summer the animals are 
relatively free of ticks, until late August and September when there is a 
second, usually smaller, tick ‘rise’. Sheep ticks do not feed during 
the winter. In some parts of Scotland, and also in mid-Wales, the 
ticks appear only once a year during June and July. Campbell (1949)7 
to whom we are indebted for the description of the life history of the 
tick, considers that the sheep ticks become adapted by temperature 
into a spring or an autumn population and the spring ticks do not be- 
come active in the autumn or vice versa. The same worker suggests 
that ‘summer* tick activity reported from some areas is caused by late 
stocking of the hill pasture, and is therefore really a late, or out-of- 
phase spring ‘rise*. It appears therefore that all ticks search for a host 
once each year for 6-8 weeks. 

. The eggs of the sheep tick are deposited on the ground by the female, 
and appear as a cluster of some 2,000 brown globules, each of which is 
covered with a transparent, smooth, soft ‘shell*. The incubation 
period of the eggs depends upon the temperature and humidity and 
varies from 3 to 36 weeks. The eggs hatch and the larvae which 
emerge are minute, almost colourless creatures with six legs. These 
larvae require some time to become accustomed to their environment 
and by the time they arc ready to feed, the onset of the cold weather 
discourages any movement until the following spring almost one year 
after their birth as eggs. When the air temperature approaches 50° F. 
the larvae climb out of the mat of vegetation and swarm to the top of 
the rush, grass, or heather under which they have resided. At this 
time the ticks adopt a questing attitude with their forelegs extended 
before them like antennae. Stimuli such as would be associated with 
a passing host, i.c. sudden changes oflight intensity, vibrations, animal 
smell and a heat source of 98 °-ioo° F. -will attract and excite the ticks 
(Lees, 1948). The efficiency of the tick in fastening on to the passing 
host was shown by Lees and Miinc (1951) who collected approxi- 
mately 50 per cent of all stages of the available ticks in a marked area 
by brushing the vegetation with their hands. The same authors found 
that ticks did not remain continuously at the top of the vegetation, but 
after a wait for 2-3 days they moved down on to a lower part of the 
stem, to return some day's later to their fonner position at the top. 
The reason for these periodic wanderings is probably to allow the 
tick to restore its water balance which may have been depleted by 
exposure at the top of the plant. Most changes of position took place 
at dusk or dawn. This pattern of activity was followed for some 8 
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weeks after which, if it failed to feed, the tick returned to t c gr ^ 
where, in most cases it died from exhaustion Although tic 
without food for as much as 31 months provided they are ep 4 ^ 
any movement will deplete their limited reserves of energy. 


hasten their death , . 

If, and when, the larval tick is successful m finding a sulta . c ij 
such as sheep, cattle, rodent, bird, or indeed any warm- 00 ^ 
creature, it punctures the skin with its mouth parts, and using ^ 
structure as an anchor becomes firmly fastened to the ^ 

proceeds to draw blood from the same site for 4-6 days 
tick is fully engorged with blood and literally blown out like * ^ 

balloon, it removes its mouth parts from the host and allows 
be shaken to the ground The engorged larva, which is now ^ 
blue in colour, disappears into the soil covenng and becomes .ttoxao 
while the skin hardens to form a protective covenng in which ltm ^ 
for 6-37 weeks to emerge as a nymph or pre-adult This sta 8 . 
somewhat larger than the larval stage and possesses the convenu 
eight legs of the arachnid 

The nymph, like the larva, commences its hunt for food a PP r . 
matcly one year after lcavmg its last host The same questing atn 
is adopted at the tops of the vegetauon If the nymphal tick « 0 ^ 
nate m finding a host, then it feeds continuously for 4-8 ^ 

engorged with blood, when it detaches itself from the host falls *° 
ground and becomes buned in the depths of the mat of vegeta ^ 
where the next moult is passed This metamorphosis lasts 1 
weeks after which an adult male or female tick emerges ^ 

The male tick is chocolate brown in colour and has eight legs 


1 111 I.U1UUL —C> ~ , . £ 

function is to seek a host and pair with the female ticks T 


approximately one male for each two females (MacLeod 
There is some doubt whether the male tick feeds at all during his a 


life 


l is red & 


The female tick is larger than the male Her abdomen lj ",l 
colour when unfed and is little more than a deflated bladder into W 
she will later pack a vast quantity of blood Both sexes of the 
seek a host. .u_i t 4 iat descrif 


seek a host, and behave on the herbage m the same way as that desc* 1 
or the other stages This takes place one year after the last mea 1 ^ ( n 


diree years after the birth of the tick If the female tick is successful 
g a host, she makes her way to favoured sites for feeding ' v 
t e skin is only hghdy covered and tender, and sucks bloo . 
tmuously for 7-11 days After she has been mated fully en S° 6 
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opposition. Egg-laying continues for several weeks, at 

Wl S t “i Sortance of the tick is due largely to the diseases* 
—its during parasitic existence. As a to Jung h 

hlood meal, the tick pours the contents of ns sahvary glmds mto he 
host and by this means injects the causal agents of loupmg-iU, nek 
t ’ r ' j . Tlif* ticks have themselves acquired these 
home fever ejected animals. The causal 

orgamsms by “W^f.^ome fever are collected by the tick 
lfmae or nym^s and subsequently transmitted to other hosts at the 
next one oJttvo feeds. The blood parasites which cause redwater m 
cattle can pass from the female to her eggs, and subsequently to the 

lar S e e varilursta^: of the tick are collected by sheep, cattle or other 
warm-blooded hosts as they move across or rest upon, the P^” e = 
the time of a tick ‘ rise'. In sheep, the ticks are found attached to those 
parts of the body where there is no wool. The cars, neck and chin 
have been shown by Heath (1951) to be the most favoured area for tick 

attachment, xfi 

which 'em Collected by the holt’s forclimbs make their way to the 
rXe and those gathered by the hind limbs chmb on to the inside of 
the thighs Catde do not appear to collect sheep neb around their 
face and ears, but carry the infestation where the hair is sparse “ 
inside of the fore and hind legs and around the udder Nobody to 
the writer’s knowledge, has yet offered an explanation for the com 
parative absence of ticks on the face and ears of the cow, m contrast to 

the sheep. There is also an individual varianon among both sheep and 

catde in the tick burdens which they carry. An individual animal 
■ will often have a lower tick infestation than tile flock or herd average, 
and it is a matter for conjecture whether such animals are ess energetic 
and thereby pick up fewer ticks, or they are intrinsically less attractive 

t0 m ipring tick ’rise’ coincides with lambing on the hill pastures. 
Newly bom lambs are therefore, like rheir mothers, parasitized by 
ticks. y The bites often cause severe skin abscesses, and may also result 
in tick pyaemia. This disease is characterized by abscess formation in 
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the joints and muscles and affects lambs 2-7 weeks of age Itfreq 
necessitates the destruction of the lamb . , 

The ticks cause some irritation and loss of blood whilst 
Heath (1949) estimated that the blood loss per sheep miring a ^ ^ 
spring ‘nse’ of tick was approximately 1,400 ml The ^ 
lrntatton, as measured by skin reaction, vanes with the in m 
with the number of adult female ticks present There are hul P ^ 
where over 100 female tacks can be counted on most sheep du 5 

There is no doubt, therefore, that sheep ticks are undesirably 
tants of pasture However, their removal is difficult and c ^ 
effective method is by harrowing, ploughing and reseeding 
an operation is unfortunately quite impractical on most hiU g ^ 
due to the rugged nature of the country Alternative met 0 


UUC TO UlC EUggCU ItalUIC VJl U1C tetSp 

control such as heather burning, draining and the application o ^ 
cidal dusts, snravs. or foes to the pasture have proved value ess 


cidal dusts, sprays, or fogs to the pasture have proved value ^ 
present method of control aims at the protection of hvestoc 
application of an acancidal dipwash, or cream, to the coats o ^ 
animals This method of control has been disappointing ° n a ^ 
their coats do not hold acanades well and because the beasts 
much of the material by licking Sheep, however, can be P r0 
against tick infestanon for several weeks by dipping in gamma 
or DDT and, more recently, certam organo-phosphorus msc ^ 
Such treatment must be earned out at the commencement at . 


‘rise’ to give the maximum benefit On tick-infcstcd pasture ^ 1 


wit iu yve uic maximum oenem un r — \ kc 1 

north of England and Scotland, tick dipping takes place m eas y 
despite the fact that the ewes are about to lamb Ncverth 

ewes Ulthtnnd mmrlst/. - wnr rnid 


ewes withstand complete immersion in a very cold acana ' 


without ill effect The } oung lambs are protected against u 


a w cek or so of birth by the appheanon of acanadal creams, 
by being bathed in a tub or dust-bin filled with a nek dip ^ 
Although the sheep nek will attach and suck blood from any ' tef 
blooded host, Milne (1947) has shown that on the a\eragch J1 
98 per cent of the female nek populanon feed on sheep The 
protccnon of sheep by the routine appheanon of acanades 
therefore help to reduce the nek populanon on the pasture ^ ^ 
('949) was able to confirm this and removed the tick populanon ^ 
12 acres of pasture by the repeated dipping of sheep ^ 

experimental area. It would appear therefore that routine 
sheep in an effeeme acanadc is the best method of control at F 
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available in areas where ploughing and reseeding of grazing is impos- 
sible. 


OTHER BRITISH TICKS 

Although the other species of ticks found in Britain do not cause 
losses among sheep or cattle they can become a nuisance. They all 
thre“ seek separate hosts on which to feed and spend then non-parasitic 
HfTonte ground. For many years Kent farmers have recognized a 
•grass’ tick, Haemaphysalis cmnabarim mr. punctata This "ck which 
superficially resembles the sheep tick, mainly infests the permanen 
pastures of the Romney Marsh, and attacks sheep and cattle. The 
‘grass’ tick within the United Kingdom was generally con " dered “ s 
a unique and relatively innocuous part of the Kentish fauna Recently, 
however, Marmion Ld Stoker (i9S») ^ve shown that this Ock can 
carry the infective agent of Q fever, a disease of man which is often 
manifested as a pneumonia. Although the associauon between the 
Kentish ‘grass’ tick and Q fever has not been explained satisfactorily 
it is interesting to note that the sheep tick ^ifes mums and anoth 
British tick Demacentor rcticulatus, were free of this infection, 14 per 
cent of all pneumonias in man on the Romney Marsh were attributed 
to Q fever. Dermacentor retiailatm is well known on the continent 
of Europe, where it transmits disease to dogs and horses. In Britain, 
according to MacLeod (r 9 3S>). the tick occurs m Devon, Somerset and 
Wales, but is not associated with disease. 

Dogs and cats may be attacked by Ixodes hexagoms or Ixodes cam- 
suga, both of which, as their name implies, resemble the sheep tick, 
Ixodes richms, and live in the pasture I. hexagon,, s occurs mainly on 
hedgehogs, rodents and birds, but this tick is also commonly found m 
small numbers attached to the cars, face and neck of the household 
doe or cat. 
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i chalk downlands The 


prefer well-drained soils and arc prevalent on *>•«.... ^ r -A Wrv 

eggs arc laid on tire ground and lurch some 14 da) s later in 
larval forms with srx legs Richards found .hat the larval 
first appeared in late June, became most numerous m ep c 
disappeared with the autumn frosts These parasitic njites » 
active in dry sunny weather, but if tins weather is dry or - . 

they tend to take shelter under bushes where the humi ity 
This fact may explain the countryman’s association between .. 
mites and currant or gooseberry bushes, in addition to c ^ 
Having found a warm-blooded vertebrate host, the mite s _ Qf 
site for feeding In rodents there is a preference for the eatt> ^ 

gemtalia, in the dog Steward (1943) found that the skin ctvv 

pads was frequently attacked, as arc the heels of the horse 
harvest mites wall often congregate where pressure |, ovV n 

clothing such as around the inside of a belt Jones (*95°) 0 f the 
that the harvest mite fixes itself by its mouth parts to the s ^ 
host and uses its potent saliva to dnvc a hole in the skin bj q u ^ 
tbe epidermal cells The mixture of dissolved cellular rnatc ^ 
saliva which is formed is sucked back to provide food for the mi ^ 

a source of considerable irritation to the host The mites ta 
days to engorge after which they fall to the ground Harv« 
are not easy to control except by the appl.cat.cn of tmacena® • 
containing gamma BHC or benzyl benzoate when the par 
feeding on the skin 


FLIES ATTACKING LIVESTOCK ^ 

The pasture itself has not so much effect upon the life history « 
parasitic flies as it has m the case of the tick Nevertheless th ^ lQZC 
stages of these flies take place in the soil and the adult flies P ^ 
grazing animals All flies belong to the class Insecta and exist ^ 
four quite different stages illustrated m Fig 21 2 of which 
two feeding stages are the larval (or maggot) stage and the adul . 
Among the flies which attack livestock there is one stage only ^ 
species which damages the host ammal In the case of the hors __ 
and stable flies the adult takes blood and the larvae are non-pa* ^ 
and feed upon aquatic creatures or on horse manure Converse 
warble and bot flies do not feed at all as adults, but rely up 0D 
larvae to acquire food from the body of the host ammal 
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THE SHEEP MAGGOT FLIES , 1 

,n the United Kingdom, the The 

"Ci'h scricata is die main f f ur ; ne or decom posing 
:malc fly is atttatted ^tcJclnA upon this the fly deposits her eggs. 

rganic matter held m the fleece ma p ' to nccd very little 

d,ere are occasions ho ^ V " wh “"“ ™ which emerge 

timulus to oviposit on to the ski npon which they 

torn these eggs, make ^their w y mainl duc to the excreta of 

sheep therefore becomes tnc ta g -mt-rtrA Thc mac- 

literally be eaten to death by ™8S°“ ^ P^' ^ thc 

pound, imo which they burrow, pupate and emerge as an adult fly 

some 14 days later. of thc fleece is too low for the survival 

549 



Animal Health, Production and Pasture 


from contaminated wool, pasture with areas carrying lus 6^ 
rushes, bracken or open areas sheltered by woods, and mg z 8 
favour the survival of the flics, and the creation of a hurm mi 
climate of the fleece (British Veterinary Association, 1955 ) , 

MacLeod (1956) has shown that Lucilia scncata is distributed t oug 
out the United Kindom, and that the fly itself appears to be re 


unaffected by the vegetation cover ine hbiuib ^ 

soil borers and able to cope with most soil types and may tra\ e ^ 
several feet through the soil before finally pupating In Britain 


The mature maggots are a 


Lucilia spp may hibernate m this prcpupal stage 

One incidental factor which may affect the population of the m 3 S 5 ^ 
flies is the presence of predators, mainly beetles and ichncunu 
which may destroy some 30 per cent of the pupae in the sou 
Leod quotes a report from Holland where it was noted that sheep 
the newly reclaimed polders suffered from strike, although sheep on 
neighbouring older polders were relatively free The sugg^ ^ 
explanation for this phenomenon was that there was an absence 
predators in the new polders o£ 

Sheep are protected from the unwelcome attention of the mag8^ 
flies by dipping or spraying with insecticides, of which dicldnn is 
most effective and widely used in Britain 


WARBLE FLIES 

The ox warble fly relies upon its larvae to provide food for all sta 8 j^ 
There are two species, Hypoderma bovis and Hypodcnna hucatutit, 
adults do not feed but devote their short hves of 3-4 days durati 0 ** ^ 
reproduction After mating, the female flies oviposit upon the 3315 
the legs of cattle, and although the warble flies do not bite or sting 
their activity is resented by cattle The eggs of the fly hatch after so 
3-6 days and the larvae crawl down the hairs, and burrow throug 
skin Having entered the body of its host m the late spring an d * , 
mer, the warble larva commences a long migration towards the a 
One species spends December and January in the walls of the oe 
phagus but the other species over-winters in any one of a num cr 
visceral organs However, both species of warble larvae reac 
back of the host some tunc between mid-March and June, where 7 

cause the formation of abscesses The larvae remain in the back 
to-n weeks after which they emerge through a hole in the skin ot 
host originally made to allow the developing grub to breathe and 
to e ground. The warble fly larva then burrows into the so 
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pupates for some 30-40 days. This remarkable life history is still 
doubted by some farmers. However, recently both Canadian and 
British research workers have successfully reared generations of the two 
species of warble fly under carefully controlled conditions as part of an 
investigation aimed at controlling this troublesome pest, thus providing 
ample confirmation. 

The application of derris washes repeatedly to the back at the time 
the warbles are present is the recognized and legal form of control in 
Great Britain. Certain members of the organo-phosphorus group of 
insecticides have also been shown to destroy the migrating larvae by a 
systemic action before they reach the back. Some of these compounds 
have been subjected to well-planned field trials in this and other 
countries indicating that a very high percentage of larvae are destroyed 
by one or two administrations during the winter. The eradication of 
warble flies may thus be considered as a future possibility. 


THE HORSE BOT FLIES 

Another group of flies which plague the grazing animal are members 
of the genus Gastrophilus. These insects, which resemble bees, attack 
the horse and lay their eggs upon the hairs of the host. Lapage (1956) 
records five British species of the fly, all of which have their own 
favoured site for oviposition, ranging from the check to the limbs. 
The larvae, which hatch from the eggs, ultimately attach themselves to 
the walls of the stomach. This location is reached by migration 
through the body of the horse as a result of being licked from the hairs, 
or by penetrating directly through the skin. The bot larvae remain 
in the stomach of the horse for 10-12 months. They arc then passed 
through the alimentary tract and evacuated in the faeces on to the 
pasture. The pupal stage lasts 3-5 weeks and is spent within grassy 
tufts on the ground. The flics arc active throughout the summer and 
arc most prevalent on lowland pastures and parkland with tree cover, 
but it is the number of horses which influences their incidence rather 
than ground coverage. 

The larvae can be removed from the stomach of the horse during 
die winter by the administration of carbon bisulphide. This is an 
irritant drug and is usually given in a capsule. More recently effective 
organo-phosphorus compounds have become available. However, 
most horses earn' thdr winter burden of bots without any apparent ifl- 
cflccts. 
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THE SHEEP NOSTRIL ELY 

The sheep nostril fly. Oestrus ovis, docs not lay eggs but deposits 
larvae around the nostrils of the sheep. The larvae move up in |°. 
nasal passages and sinuses and remain there for ten months ^ 
they have completed feeding the larvae are sneezed on to the groun * 
wherein they burrow and pupate, 3-8 weeks later the adult emetg ^ 
It is doubtful if there is any association between types of pasture an 
the sheep nostril fly, for the presence of the host animal would obvious y 
be the significant factor m their population density. A local 
infestation of the fly is sometimes encountered, particularly in sou 
west England, without any obvious explanation. , 

In Britain control measures are seldom applied, but abroad, " 
the sheep nostril fly can be a serious problem, intranasal injections 
solunons of acancides such as gamma BHC or dieldnn are used 


CONCLUSIONS 

To the arthropod parasite the most important feature of any 
that it provides a host The disruption of the surface vegetation 
not senously disturb these parasites and even a population of s F 
ticks is not much reduced unless there is a scarcity of host animals, su 
as would occur as a result of using the pasture for a com or root crop^ 
Unfortunately the terrain carrying tick infestations is not usually con 
ducive to the plough. The control of the warble, bot or m3gg ot 
by pasture management is not practical owing to the short tcrT ^. c 
existence of these parasites, as opposed to their long parasinclife 
pests can only be controlled therefore by treatment of the hosts 
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CHAPTER TWENTY-TWO 

Enterotoxaemia 


Morphology, cultural characteristics, antigens and toxins of Clostridium ' ^ 

serological identification — Enterotoxaemia of sheep (Cl wclchu, Type b ^ 
genesis, diagnosis and prevention— Enterotoxaemias due to Cl wclchu, J 
Cl wclchu, Type B and Cl wclchu, Type C 


Enterotoxaemia means literally ‘intoxication from the intestine ^ a 
term is usually applied to a number of diseases of sheep, goats, 
and pigs caused by anaerobic bactena of the Clostridium u elcltu 
All forms of enterotoxaemia have the following charactenstics in 
mon the bactena are often normal inhabitants of the intest 
disease is mituted by a vanety of predisposing causes, some 
some unknown, which preapitate a rapid multiplication of C _ 
in the intestine, and death is due to the absorption of soluble 
produced by the rapidly growing organisms 


CLOSTRIDIUM WELCH!! 


Clostridium welchu are Gram-positive non-motile spore- __ 
anaerobes generally appearing as thick straight rods 4 - 8 |i long 211 ^ 

wide Occasionally almost coccoid forms are seen, espe 
ramdlv urmtnnn -- J i r /-w-mr. inciu 


rapidly growing cultures and pleomorphic forms can occur, in ^ 
long filaments, bent and twisted forms and large round or oval sp , 
Cl tielchii possess capsules, although the amount of capsular f 13 ^ 

vanes considerably among different strains (Keppie and R° 

1 944) The spores are oval and situated in the central or su 
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position and soon become detached from the bacterial rod in which they 
were formed. They will resist 8o° C. for more than i hour and 
97-100 0 C. for 1-3 minutes (Robertson, 1929)* The spores of Type 
F strains, which are unusually resistant, will survive ioo° C. for 1-4 
hours (Zeissler et al. t 1949). 

CULTURAL CHARACTERISTICS 

Under anaerobic conditions Cl. welchit will grow on most of the 
common laboratory media. A useful liquid medium consists of 10 
per cent papain digest broth containing 20-40 per cent of meat particles, 
pH 7*8. Before inoculation the tubes or bottles must be boiled for 
15-20 minutes to remove dissolved oxygen. The meat acts as a reduc- 
ing agent. Growth is rapid. Large quantities of gas are produced 
during the logarithmic growth phase; the meat particles become pink 
in colour. Very vigorous growth can be obtained in media containing 
glucose, or serum, or both. These media can be made anaerobic by the 
addition of a strong reducing agent such as O‘OZ-O‘1 per cent sodium 
thioglycolate. Numerous media of this type have been described, 
especially for toxin production (see Keppic and Robertson, 1944; 
Brooks, Sterne and Warrack, 1957). 

Milk media rapidly become acid with the formation of a clot that is 
disrupted by the gas produced, the so called ‘stormy fermentation’. 
Not all strains produce this reaction and Smith (1955) points out that 
the reaction is all too common among the saccharolytic clostridia to be 
of any use for the rapid identification of Cl. welchit. 

For surface culture the most useful medium for routine use is prob- 
ably 5-10 per cent horse, ox or sheep blood agar. After 18 hours of 
anaerobic incubation most strains of Cl. xvelchii have a characteristic 
appearance. The colonics arc 1-2 mm. in diameter with smooth or 
crenellated oudincs. After 2-3 days the colonics may reach 3-4 mm. 
in diameter. Some show a raised pointed centre, and radial markings 
arc commonly seen. The haemolytic reactions on blood agar have 
been well described by Brooks, Sterne and Warrack (1957). On ox- 
blood agar the alpha toxin which has diffused into the medium sur- 
rounding die colony produces an extensive incomplete hacmolj'sis, 
usually surrounded by an area of darkening. Alpha toxin lias less 
effect on horse cells, and a weak alpha toxin may not be detectable. 
Theta toxin produces a clear haemolysis on both horse and ox blood, 
the area of complete haemolysis being usually surrounded by a zone of 
partial haemolysis due to alpha toxin. Delta toxin produces a clear 
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haemolysis on ox blood but does not affect horse blood They 
described a form of haemolysis which they have shown is not 
alpha theta or delta haemolysis, this non-a, 6, 8 haemolysis was p 
duced by some strains of all types of Cl u elchtt, sometimes on 
blood, sometimes on horse blood, sometimes on both 

VARIATIONS OF COLONY FORM, VIRULENCE AND T ° X1 
PRODUCTION . 

Rough colomes of Cl ti elchtt have an irregular outline, flat 511 ^ 
and are usually more transparent than smooth forms Keppi e 
Robertson (1944) working with Type A strains, emphasize the imp ^ 
ance of the selection of smooth, even-edged colomes for ma 
production of alpha toxin and for virulence Smith (i955) states ^ ^ 
animal to animal passage of stock cultures almost invariably res 
marked increase m virulence Some workers have described 3 sU 
disappearance in a stram of the ability to produce a particular an g 
Dallmg and Ross (1938) describe a Type B stram which contm ^ 
gave rise to epsilon-dcfiaent variants McGaughey (i933; < 7 SCn -yj lC 
the isolation of two variants from a stram of Cl welchtt, Type A 
ongrnal strain was smooth The colomes of one variant were ro 
with an irregular outline and a filamentous edge This culture P 
duced very httle toxin Colomes of the second variant had flat s P r 
mg edges and were more granular than normal This variant 
never perfectly stable although under observation for over three > 

It produced far more toxin than the parent stram 

ANTIGENIC STRUCTURE 

Six mam types of Cl welchu have been described Classifies tio 
based on the type and number of well-characterized soluble antl ^ c 
produced by these organisms in culture Some of these antigen 5 ^ 
toxic Many have been studied in great detail though none have ) 
been purified Numerous other antigens, as yet undesenbed, P ro a . . 
exist. Brooks, Sterne and Warrack (1957) argue that all Cl 
should be classified within the framework of the four ‘major 
antigens, alpha, beta, epsilon and iota There seems much to e 
or this argument which would restrict the total number of t>T 
present known to A, B, C, D and E Variations within these rypj 
would be classified by a description of the numerous ‘ minor’ anug 
possessed by the individual strains . 

At present this view is not generally accepted, the strains 
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from cases of enteritis necroticans in man being given the status of Type 
F. If classification had been based on the possession of* major* antigens 
these strains would have been called Type C which differed from the 
‘classical’ type originally described by being large in form, possessing 
spores which show unusual resistance to heat and lacking the S, & and k 
antigens (Brooks, Sterne and Warrack, 1957). 

The antigen structure of the CL welchii types is shown in Table 22,1 
(from Brooks, Sterne and Warrack, 1957)* Classification of the CL 
welchii types based on tbe possession of ‘major* lethal antigens only is 
shown in Table 22.2. 

TABLE 22,2. Classification of Clostridium welchii, showing division into five 
main types on the basis of the four major lethal antigens 


Type 

Major lethal antigens 
j Alpha Beta Epsilon Iota 

\ a P e 1 

A 

+ 

B 

+ + + 

C (including F) 

+ + 

D 

+ ~ + 

E 

+ - ~ + 


THE MAJOR LETHAL ANTIGENS 

Alpha toxin. Tins is a lccithinasc produced during the logarithmic 
rowth phase of a culture. All strains of CL welchii produce alpha 
axin but the highest yields arc obtained from Type A strains. The 
oxin is lethal to mice on intravenous injection and produces necrotic 
eactions in the skin, if injected intradcrmally into rabbits and gtitnca- 
'igs. Free calcium ions arc essential for the lecithin splitting and hac- 
nolytic activity. This toxin has been extensively studied and the 
ollowing references arc suggested for detailed information: Oakley 
md Warrack (1 941), Oakley (1943). Macfarlanc (1948, 1950), Van 
deyningen (1941). 

Beta toxin. A necrotizing lethal toxin produced by Types B, C and 
P during the logarithmic growth phase of a culture. 

Epsilon toxin, A necrotizing lethal toxin produced by Types B and 
D as a non-toxic prototoxin during the logarithmic growth pi me of a 
culture. The prototoxin is converted, usually in about 4-} days, 10 toxin 
h y p rot col) tic enzym es p rod uccd by the o rganis m. Rapid conversion 
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of prototoxin to toxin can be induced by digestion by proteoljtic 
enzymes such as trypsin (Turner and RodtveU, 1943) 

L (0X1,1 A necroming lethal toxin produced by Type E strarn 
This also is produced as a prototoxin during the logarithmic gro 
phase of a culture, and slowly converted to active toxin by prottolj™ 
enzymes This prototoxin can also be activated by trypsin (Ross, 

Warier and Barnes, 1949) <• 1 

For a description of the ‘minor’ antigens of Cl 10eW.ll and turther 
references on the subject, the work of Oakley (1943) and Oakley and 
Warrack (1953) should he consulted 

SEROLOGICAL IDENTIFICATION OF CULTURES 

An unknown culture can be placed in one of the five main types 
(Table 22 2) by simple neutralization tests with culture filtrates and 
known antitoxins using mice as the test animal (Table 22 4) The cu 
turc can be grown in 10 per cent papain digest broth plus meat partic es 
or 1 per cent glucose broth as recommended by Oakley and Warrac 
(1953) The media should be inoculated with an actively growing 
culture, incubated in a water bath at 37 0 C for five hours and clari ie 
by centrifugation Preliminary tests for toxicity are made by injecting 
two mice intravenously with o 3 ml of supernatant fluid and two mice 
with 0 3 ml supernatant fluid which has been treated with trypsin 
(1 per cent Trypsin Pulv B D H ) at 37 0 C for 30 minutes after adjust- 
ing the pH to 7-7 5 , 

If the mice injected with the un trypsinsized supernatant die and those 
with trypsmized material hve the culture does not produce epsilon or 
iota toxin. Deaths rarely occur after 48 hours and the original super- 
natant kept at + 4 0 C is usually suitable for neutralization tests If the 
original toxin is weak a fresh culture must be made Deaths in the 
groups receiving trypsmized material do not necessarily imply the 
presence of toxins other than alpha, as alpha toxin may sometimes sur- 
vive the trypsin treatment (Oakley and Warrack, 1953) 

If any mice die within 1 minute of injection, toxin may be present 
m high concentration and the test material should be diluted about ten 
times before neutralization tests are earned out Sometimes, however, 
these very rapid deaths are caused by unknown non-specific substances 
in the filtrate which are usually only lethal m high concentrations 
The presence of non-specific deaths is shown by the survival of mice 
injected with the onginal material diluted I 10, if toxin is present the 
mice will probably die within an hour or less 


Euteroioxacmia 

TABLE 22.3. AntUoxinslmits[mh 


Antiserum 

type 

A 

C 

D 

E 


a 

60-100 

10-20 

10-20 

10-20 


P 

<o-5 

1,000-3.000 

<0-5 

<0-5 


<o-oi 

<0'0I 

100-300 

< 0*01 


<0*1 

< 0*1 

< 0*1 

100-300 


TABLE 22.4. N'Utrahzahon teas fit major lethal antigens 


Type 

Antitoxin 

Toxin 

Untrypsinized 
supernatant. 
Results in mice 

Trypsinized 

supernatant. 

Results in mice 

A 1 

Mo serum 

a 

+ 

r(any deaths duel 
to undestroyed 

L 0 ) J 


Type A serum 

Type B, C, D and E sera 


- 

- 

B 

No serum 

Type A serum 

Type C serum 

Type D serum 

Type C and D mixture 

afie 

+ 

+ 

(late deaths due 
to e) 

+ 

1 1 + + + 

C 

No serum 

Type A serum 

Type C scrum 

Type D serum 

a P 

+ 

+ 

+ 


D 

| No serum 

Type A serum 

Type D serum 

Type C scrum 

ac 

+ 

(late deaths due 
to e) 

(late deaths due 
to e) 

+ 

+ 

+ 

E 

No serum 

Type A scrum 

Type E serum 

Type B, C and D sm 

■ 

+ 

+ 

+ 

+ 

+ 

+ 


5 6t 



Animal Health, Production and Pasture 

The following sera are required for neutralization tests (Table 223). 
0 1 ml of serum is added to 0 3 ml of supernatant fluid and left at 
room temperature for 30 minutes before injccuon The unit values 
suggested arc quite arbitrary, it is important only to ensure that the sera 
contain adequate amounts of specific annbody to known antigens and 
that the Type A serum contains more alpha units per ml than the T ypes 
C, D and E sera , 

The neutralization tests described should provide a practical and con- 
venient technique for diagnostic purposes It must be emphasized, 
however, that more reliable results can be obtained by the techniques 
described by Oakley and Warrack (1953) and Brooks, Steme and War- 
rack(i957) This entails the use of intradermal tests in guinea-pigs and 
111 vitro tests for the numerous minor antigens The review of Oakley 
(1943) should be consulted for a detailed discussion on the methods o 
testing for Cl welchu toxins 


ENTEROTOXAEM l A OF SHEEP DUE TO TYPE D 

Enterotoxaemia or pulpy kidney disease is caused by Clostridium 
welchu. Type D All ages of sheep can contract the disease but it is 
extremely rare in lambs under 7 days old The highest incidence 
probably occurs between the ages of 3 weeks and 18 months The 
disease occurs wherever sheep are reared but the incidence is extremely 
variable and it is difficult to assess the overall losses that occur Ben- 
netts (1932) stated that annual losses in Western Australia varied be- 
tween 1 and 29 per cent, losses of 5-15 per cent being quite common 
Dayus (1938) recorded an incidence of 2 per cent among 15,768 unvac- 
cinated lambs m New Zealand Gill (1933) also in New Zealand, 
observed a high incidence (12 5 per cent) m one flock but says that the 
average incidence on farms when the disease habitually occurred was 
about 4 per cent and he also quotes data reported by Hopkirk 
who recorded average losses of 5 per cent among a total of 32,000 lambs 
on 38 farms In England Menzies (1938) found that an incidence of 1-2 
per cent was common among ewes , m one outbreak the death rate 
among lambs was 14 5 per cent and on another farm where the disease 
had occurred over a period of three years the average loss was 5 per 
cent Baughtonand Hardy (1941) report losses varying from 1 to 30per 
cent among lambs m Texas Heath (1955) found that 152 of 53 ° 
deaths in sheep examined at Bangor, North Wales, were due to entero- 
* toxaemia and Menzies (personal communication) states that in 1956, 
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508 cases of cntcrotoxaemia were found among 5,518 sheep. Iambs and 
sheep viscera sent to Veterinary Investigation Centres in Great Britain. 
The figures for the Veterinary Investigation Centres do not, of course, 
give an indication of the total losses involved as one case sent for exam- 
ination may represent several deaths in a flock, but they indicate that 
enterotoxacmia is still prevalent m this country. 

Considering the evidence as a whole it seems that average losses of 
from 1 to 5 per cent may be expected but in severe outbreaks the death 
rate may rise from 10 to 30 per cent. 

SOURCE OF INFECTION 

Clostridium welchii Type D was first isolated from infected sheep by 
Bennetts in 1932. He also found the organism in the abomasal con- 
tents of two healthy sheep and in the soil areas where the disease had 
occurred but not in the soil when the disease was absent. Wilsdon 
(1931)1 Montgomerie and Rowlands (1934), examined a small number 
of strains of Cl. wckhii from normal sheep all of which were of Type A 
or non-toxic. Gordon (1934), using mixed cultures, demonstrated Cl. 
welchii Type D in the intestinal contents of a few acute cases of grass 
sickness in horses. Borthwick (1937) found only Type D in the 
intestinal contents of each of three guinea-pigs. Type D was isolated 
from the intestinal contents of two dogs and Type A from four dogs. 
Type A only was obtained from two rabbits and six human subjects. 
Watts (1938) examined 36 strains from normal sheep, all of which were 
of Type A. Taylor and Gordon (1940) examined a large number of 
strains from soil and the intestinal contents of man and various animals; 
of 196 strains from 43 samples of soil, 7 were of Type D, the remainder 
Type A, and of 1,147 strains from intestinal contents, r,r34 were of 
Type A, 3 of Type B and 10 of Type D. Of the Type D strains, 1 was 
from a sheep, 2 from a bovine and 7 from a domesticated rabbit. 
Bullen (1952) examined the alimentary contents of 100 normal sheep 
sent to a slaughterhouse over a period of a year; 46 contained Type D 
welchii in one or other parts of the alimentary tract. Positive cultures 
were distributed as follows: 19 in the rumen, 15 in the abomasum, 14 in 
the duodenum, 17 in the jejunum, 30 in the ileum and 22 in the colon; 
many animals yielded positive cultures from more than one site. Smith 
( T 957) states that 90 per cent of a non-immunized flock of sheep may 
possess epsilon antitoxin in their sera. 

It thus seems likely that a high proportion of normal sheep may be 
carriers of Cl. welchii Type D, a potential source of danger if conditions 
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occur which are favourable for the rapid multiplication of these organ- 
isms m the intestine 

SYMPTOMS OF ENTEROTOXAEMIA 

Deaths from enterotoxaemia usually occur rapidly once the animal 
becomes ill, and for this reason the symptoms are seldom seen Ben- 
netts (1932) mentions that the period between the onset of recognizable 
symptoms and death is very short He described two types of the 
disease, one characterized by convulsions, the other by coma and quiet 
death In the first type the animal was seized by convulsions , lying on 
its side it showed more or less violent galloping motions up to the time 
of death with twitching of the muscles, rolling of the eyes, grinding of 
the teeth excessive salivation and later pronounced retraction of the 
head and neck. Death usually occurred in 2-4 hours The initial 
stage of die less acute type was characterized by a staggering gait The 
animal then lay down, there was evidence of hyperaesthesia, with 
salivation and champing of the jaws, blindness and coma followed 
Death occurred quiedy, usually in 3-4 hours The convulsive syn- 
drome was relatively uncommon and more frequently seen in lambs 
than m adult sheep 

Gill (1933) describes three types of symptoms in lambs, ‘hyperacute', 
‘acute’ and ‘subacute* In the hyperacute form the animal suddenly 
developed convulsions and died m a few minutes or lingered for an 
hour or so during which it showed hyperaesthesia, frequent convul- 
sions and signs of severe pain with straining and bleating The s> mp- 
toms of the acute type were similar to the hyperacute but less violent 
There was often a fairly rigid extension of the limbs with the head 
pressed back until it almost touched the shoulders Gill states that 
some of the animals might live for several days but rarely recovered 
In the subacute or lethargic form the lamb was found to be dull and 
listless, often wandering by itself Blindness was common After a 
while more acute symptoms might develop He makes the interesting 
observation that if the lambs were purged and then starved for 48 hours, 
they often showed a marked improvement If they were then given a 
large feed of milk they often relapsed, but might make a complete 
recovery if fed small amounts at frequent intervals 
Baughton and Hardy (1941) also describe convulsive and comatose 
forms of the disease They mention that both types show a well- 
marked glycosuna They did not notice any diarrhoea 
The description of experimental enterotoxaemia given by Bullen and 
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Scarisbrick (1957) corresponds closely to the acute type of the disease, 
although the experimental animals showed more severe diarrhoea than 
is generally noticed in the natural disease. 

Symptoms of enterotoxacmia usually appeared between and hours 
before death. The earliest signs consisted of slight trembling along the 
back and sonic uneasiness. This was soon followed by a rapid oscillating 
movement of the eyes. If the animal was held at this stage there was often 
a violent convulsion; the limbs were held at full stretch, the head and neck 
thrown backwards between the shoulder blades and the whole body was 
rigid and hard to the touch. A convulsion of this kind lasted some 5-15 
seconds and was followed by collapse. Some animals had several con- 
vulsions, a few none. Towards the end the respirations became deeper and 
the animal lapsed into a coma. The comeal reflex disappeared, and the 
muzzle became wet with saliva. Strenuous paddling movements of the 
legs usually appeared shortly before death. 

It seems likely that the differences in the symptoms observed in the 
‘convulsive’ and ‘comatose’ types of the disease are due to the relative 
amounts of toxin absorbed, the absorption of very large amounts 
causing the more acute form of the disease. 

POST-MORTEM LESIONS OF ENTEROTOXAEMIA 
The majority of animals are in good condition and there is usually 
evidence of recent diarrhoea. The type and extent of the lesions 
observed very largely depends on the time that has elapsed between 
death and examination. 

In experimental animals immediately after death there is usually a 
large excess (50-60 ml.) of dear fluid in the pericardial sac. The heart 
shows subendocardial and epicardial haemorrhages. The small and 
large intestine may be slightly congested. The intestinal contents are 
usually full of gas and there is evidence of a recent mucoid diarrhoea. 
The urine contains large quantities of sugar (Bullen and Scarisbrick, 
1957 ). 

Natural cases of the disease usually cannot be examined until several 
hours after death. The small intestine often appears congested and con- 
tains only a small amount of thick material which has the consistency 
of mayonnaise. The lungs are congested and there is often a pericardial 
exudate. Epicardial and subendocardial haemorrhages arc almost 
always seen. The urine contains large amounts of sugar. The kidneys 
arc extremely sofr, sometimes almost liquid in consistency. Tins pulpy 
kidney lesion is a post-mortem change, which cannot be found 
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immediately after death (Bullcn and Scambnck, 1957) Bennetts 
(1932.) also mentions that two lambs which died from experimental 
enterotoxaemia had typical pulpy’ kidneys when autopsicd 3-4 hours 
after death Two normal lambs killed by stunning and left for three 
hours had normal kidneys 

BLOOD GLUCOSE LEVELS IN ENTEROTOXAEMI A 

Gordon et al (1940) showed that sheep injected with lethal doses of 
Cl wehhn Type D filtrates developed a marked nse m blood glucose 
shortly before death Lethal doses of Cl ue/c/ni Type A and C filtrates 
did not produce this effect These authors also found that the unne 
of cases of natural enterotoxaemia contained a great deal of sugar 
unaccompanied by albumen Blood samples from a few cases showed 
that the sugar content was abnormally high, in some cases over 3 50 mg 
per 100 ml Glycosuria has also been reported in natural cases of 
enterotoxaemia m the United States (Baughton and Hardy, 1941) 
BuUen and Scansbnck (1957) found that all ten cases of experimental 
enterotoxaemia, except one which was not examined, showed a striking 
hyperglycaerma which was closely associated with the appearance of 
typical symptoms of the disease Blood glucose levels rose from 50 to 
70 mg per 100 ml to 130-300 mg per 100 ml 

THE PATHOGENESIS OF ENTEROTOXAEMIA 
The effect of the introduction of cultures of Type D into the rumen For 
many years it has been recognized that enterotoxaemia might be ini- 
tiated by a sudden alteration in the food supply, usuall) from a moder- 
ate or poor diet to a rich and succulent one Nevertheless it was soon 
realized that the disease could not be reproduced easily with oral doses 
of cultures of Cl welchii Type D 

Bennetts (1932.) found that oral doses of culture were without effect 
He thought chit a law pH m the abomasum might destroy large num- 
bers of ingested organisms and that the rapid passage of mgesta through 
the small intestine would prevent any accumulation ofbactena or toxins 
He attempted to neutralize the acid m the abomasum with large doses 
of sodium bicarbonate and to reduce peristalsis of the small intestine 
with large and frequent doses of opium and belladonna In these cir- 
cumstances he w as able to reproduce the disease in 4 out of 6 sheep 
Oxer (1932) and Gill (i 933 ) faded to repeat these results 
Roberts (1938) reproduced the disease in young lambs by feeding 
cultures of Cl u elehn Type D combined with large quantities of milk 
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powder and casein. The organisms grew well in the abomasum, but 
unfortunately it is not known if the organisms that passed into the 
intestine continued to grow and produce toxin or whether a sufficient 
dose of toxin accumulated in the abomasum and was later absorbed 
lower down the intestine. Shaw, Muth and Seghetti (1939) failed to 
reproduce the disease in lambs with oral doses of culture and sodium 
bicarbonate or with culture and a large feed of milk. Harshfield, 
Cross and Hoerlem (1942) apparently reproduced the disease in 3 of 8 
lambs given cultures of a strain of Cl. wetchii combined with a large feed 
of grain or milk. The strain of CL wclclui had been isolated from a 
case of enterotoxaemia. 

The frequent failure to reproduce the disease with oral doses of cul- 
ture led Bulicn, Scarisbrick and Maddock (1953) to follow the fate of 
washed suspensions of CL wehhsi Type D introduced into the rumen. 
Sheep were equipped with permanent fistulae m the rumen, duodenum 
and ileum. A large dose of organisms was introduced into the rumen 
and viable counts of these organisms made at intervals thereafter. It 
was also necessary to have some method of estimating the rate of flow of 
the intestinal contents as this would greatly influence the viable count. 
A radioactive marker consisting of Iridium 192, incorporated into 
alumina particles, was introduced into the rumen with the culture. 
These particles were insoluble and had the same suspension properties 
as CL tveleltii. The behaviour of the bacteria could then be followed 
by comparing the ratio of bacteria to marker particles, assuming that 
both particles and bacteria were carried along the alimentary tract at die 
same rate. 

The results of two experiments are shown in Table 22.5. In the two 


TABLE 22 5. CL welchu Type D in the alimentary canal of normal sheep, (Ratio of 
bacteria to radioactive marker Cl. welchn Type D/gm fConntsfmm.jgm.) 


Time 

(hours) 

Rumen 

Expt. 7 Expt. 8 

Duodenum 

Expt. 7 Expt. 8 

Ileum 

Expt. 7 Expt. 8 

1 

; s» 720 

9,200 

<20 

<24 

17,000 



3 

1,110 

4,100 

< 100 

380 

258,000 

640,000 

6 

800 

1,020 

<5 

100 

7.500 

20,000 

9 

93 

124 

<4 

<S 

2,060 

11,000 

is 

8-5 

36 

<3 

<5 

1,380 

4,600 

is 

• 

1 

~ 

<5 

779 

61 


Inoculum ratio . expt. 7, 9,520 ; t; expt. 8, 20,200 : t 

567 








Animal Health, Proinnwn and Pasture 

experiments m which the marker was used it was calculated ** at least 
9 o per cent of the bacterial inoculum was destroyed in the rmnen 1 
L be seen that m experiment 7 after I hour the ratio of baoena to 
marker in the rumen was 5,7*0 to 1 but only 8 5 to 1: after : » h 
Only very small numbers of viable organisms reached the duodenum 
where the maximum ratio of bacteria to marker was 100 to r m expe - 
ment 7 and 380 to I in experiment 8 In the drum there was ewdence 
of a short period of rapid multiplication. In experiment 7 the ratio 
of bacteria to marker rose to 258,000 to 1 and in experiment 8 it 
reached 640,000 to 1 , these figures indicate enormous bacterial m 
plication in the small intestine This rapid multiplication was not 
maintained for long and the ratio of bacteria to marker then fell rapi y 
Considerable amounts of epsilon toxin were produced during the 
pcnod of rapid multiplication The maximum concentrations varied 
in different experiments from 20 to 2,000 mouse intravenous MLD per 
gm of ileum contents The toxin had no effect on the sheep, except 
in one animal which had a violent though transient attack of diarrhoea 
shortly after the toxin level had reached 2,000 MLD per gm This 
animal possessed no circulating epsilon antitoxin 

The results showed that the intestinal contents of normal sheep pro- 
vided a suitable substrate both for the multiplication of Cl u elclm Type 
D and for the production of epsilon toxin Nevertheless, the rate of 
muluplication of the bacteria appeared to be insufficient to maintain 
their numbers m the intestine Thus the rapid destruction of the 
organisms in the rumen and the rapid flow of the intestinal contents, 
which removed any accumulation of bacteria or toxin, w ere believed 
to account, in part at least, for the resistance of normal sheep to large 
oral doses of cultures of Cl welch u Type D 

The effect of a continuous dose of culture introduced wto the duodenum 
As the introduction of a single dose of culture into the rumen was fol- 
low cd by only a transient muluplication of organisms in the small 
intestine, it was decided to try the effect of a continuous dose introduced 
directly into the duodenum Cultures containing 500-800 x 10® 
organisms per ml were dripped mto the duodenum of normal sheep 
at the rate of too ml per hour, usually for 5-9 hours On one 
occasion the culture dnp was maintained for 22 hours at the rate of 
300 mL per hour 

It was found that normal sheep were surprisingly resistant to this 
treatment. Many de\ eloped short attacks of diarrhoea, but in others 
there was very little effect Some animals stopped feeding during 
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the experiment but were eating and drinking normally within 24 hours. 
When the sheep were fed on normal diets such as hay or hay and small 
amounts of oats and bran the viable count of Cl. welchii Type D in 
the ileum rose to a maximum of 1-700 x 10 6 organisms per gm. 
(Table 22.6). The counts usually declined rapidly as soon as the 
culture drip was stopped. It therefore appeared that the organisms 
were unable to multiply sufficiently fast to maintain their numbers in 
the intestine. This result was probably due to a lack of adequate 
substrate for rapid multiplication and also to the rapid flow of the 
intestinal contents. 

TABLE 22.6. Growth of CL welchn Type D in the Hewn contents of sheep follow - 
ing the introduction of culture into duodenum. (1) Sheep fed on a normal diet of hay 
or hay and small quantities of oats and bran. ( 2 ) Sheep overeating on wheat , lucerne 
or oats 



Experiment 

no. 

Diet 

Maximum 
viable count 
(organisms 
per gm.) 

Time of maxi- 
mum count after 
start of culture 
drip 
(hi.) 

Fate of sheep 

r 

Xu 


93x10* 

3 r 

Survived 


X20 


Iltfx 10* 

4 

„ 


x 3 5 


680X io® 

* 

„ 


X36 


300X 10* 

9 



X37 


490 X 10 ® 

5 



X38 


IX JO® 

6 

" 

a 

X83 

Overeating 
on wheat 

2 . 500 X XO* 

4 

Died of 
cntcrotoxacmia 


X 7 t 

„ 

4,roox io® 

5 

„ 


X70 

„ 

4.800X 10* 

7 

* >. 


X6p 

„ 

i,4oox 10* 

P 

t, 


Xl2 

Lucerne 

I.I40X 10* 

Pi 

Survived 

(immune) 


Xl8 

Oats 

JJ.Soox 10® 

J 7 


The effect of a change of diet and overeating. The rumen flora of a 
sheep on a diet ofliay consists largely of cellulose-digesting organisms. 
If the diet is changed, to wheat for example, the rumen flora must 
adapt itself to the new substrate. The cellulolytic organisms arc 
gradually replaced by other organisms better adapted to fermenting 
wheat starch. It takes some time for the new flora to become estab- 
lished in sufficient numbers to ferment all the material entering the 
rumen. If at the same time the animal overeats, the rumen becomes 
filled with a mass of undigested starch which escapes into the small 
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intestine This provides an ideal substrate for the growth of Cl, 

” h!"a few hours after the start of the culture dnp the viable count in 
the ileum rose to over r.ooox ro« organisms per gm This very rapid 
growth was maintained m spite of the development of a protuse 
diarrhoea, showing that the organisms were growing more than last 



enough to replace the numbers washed out of the intestine (Table 
22 6 and Fig 22 1) 

The rapid growth of Cl welchn Type D was closely associated with 
the production of high concentrations of epsilon toxin This was not 
tolerated for long and the sheep soon died of acute enterotoxaemia 
There was a good correlation between the presence of undigested 
starch in the intestine and the successful reproduction of the disease 
All the successful experiments with sheep fed on wheat showed large 
numbers of starch granules in the ileum contents If the granules 
disappeared from the intestine, the continued introduction of culture 
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into the duodenum resulted only in a relatively poor growth of the 
organisms and failure to reproduce the disease. It was also found that 
if the diet was changed gradually from hay to wheat the rumen flora 
apparently had time to adapt itself successfully to the new substrate. 
No free starch then appeared in the intestine even if large amounts of 
wheat were eaten. 

The absorption of epsilon toxin. Bullen, Scarisbrick and Maddock 
(i953) noticed that normal sheep could tolerate, at least for short 
periods, epsilon toxin concentrations in the ileum varying from 20 - 
2,000 mouse intravenous MLD per gm. without ill effect. This sug- 
gested that epsilon toxin is not easily absorbed from the intestine. It 
was therefore felt important to investigate the circumstances which 
allow the absorption of this toxin to occur. The first experiments 
were done with mice. Bullen and Batty (1956) prepared two con- 
centrated culture filtrates of Cl. wekhii Type D which contained 
approximately 30,000 and 166,000 mouse intravenous LD 50 of 
epsilon toxin per ml. 

It was found that normal mice were resistant to a large oral dose of 
toxin but if the dose were divided and given as a series of smaller 
doses the animal died with typical symptoms of epsilon toxin poisoning. 
The amount of toxin given was important. A lethal dose of epsilon 
toxin was absorbed in the intestine only if the toxin was maintained 
at a high concentration in the intestine for some hours. To ensure a 
100 per cent kill in mice it was necessary to give five hourly doses of 
the first culture filtrate containing 16,500 intravenous LD 50 per dose, 
a total of 82,800 LD 50. The maximum toxin concentration in the 
intestine was approximately 5,000 mouse MLD per gm. Ninety per 
cent of this dose failed to hill all the mice and 10 per cent killed none. 
With the second filtrate it required 5 doses of 41,500 intravenous LD 
50 per dose, a total of 207,500 LD 50 to kill all the mice. 

Similar results were obtained with sheep (Bullen and Scarisbrick, 
1959). More than a dozen normal sheep survived in experiments in 
which the toxin concentration rose to a few 100 MLD per gm, of 
ileum contents. In one case the culture was dripped into the duo- 
denum for 22 hours. The toxin concentration in the intestine varied 
from So to 400 MLD per gm. for most of the time and rose to S.ooo 
MLD for a very short period. The sheep recovered completely, but 
a week later died with typical symptoms of enterotoxaemia when 
toxin concentrations varying from 4,000 to 20,000 MLD per gm, 
were maintained for approximately 5 hours. In every* case in which 
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the disease was reproduced successfully high levels of toxm were 
maintained in the intestine for several hours on end (Bullcn and 
Scansbrzch, 1957) 

These results suggested that low concentrations of epsilon toxin, 
even for long periods, were harmless High concentrations of toxin 
were harmless if present only for very short penods Lethal amounts 
of toxm were rapidly absorbed if high concentrations w ere maintained 
for several hours on end 

The effect of epsilon toxm on the permeability of the intestine The 
results of the early experiments with mice suggested that repeated doses 
of toxm might alter the permeability of the intestine (Bullcn and Batty, 
1956) This idea was investigated by usmg concentrated antitoxin as 
an indicator substance to detect any increase in permeability Adult 
mice given a large oral dose of antitoxin absorbed very small but con- 
stant amounts from tbe intestine Any increase in the rate of absorp- 
tion would indicate an increased permeability of the intestine In all 
the experiments with mice five doses of a mixture of anntoxm and 
saline, or anntoxm and the concentrated filtrate were given at hourly 
intervals directly into the stomach The mice were bled at intervals 
The death rate was recorded after 24 hours 
The experiments showed that lethal doses of concentrated culture fil- 
trate caused a rapid increase m the permeability of the in tesone An in- 
crease m permeability was detectable at the first bleedmg, only id hours 
after the first dose, between 4 and 23 times the amount of anntoxm 
found m tbe controls being absorbed into the circulation After 
3 d hours the permeability of the intestine was increased still further 
If tbe epsilon toxm in the filtrate was rendered inactive with specific 
antitoxin or destroyed by heating, the increase in permeability was 
invariably delayed and was not detectable after id hours, but a con- 
siderable increase m permeability occurred after 3d hours Neutraliza- 
tion tests with antitoxin, provided good evidence that the early in- 
crease m permeability was due to epsilon toxm The delayed increase 
in permeability which was observed when the epsilon toxm was 
absent from the filtrate showed that some other factor or factors were 
present in the filtrate capable of causing an increase in permeability 
This factor was not present in unmaculated broth and must have 
developed during the growth of the culture 
Similar experiments were done with sheep (Bullen and Batty, 1957 ) 
The rate of absorption of concentrated diphtheria antitoxin was used 
to assess the permeability of the intestine m normal sheep and those 
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dying of experimental enterotoxaemia. The antitoxin mixed with 
saline or cultures of Cl. welchii Type D was introduced directly into 
the duodenum. The animals were then bled at intervals from the 
jugular vein. In every case of fatal experimental enterotoxaemia in 
which this system was used the permeability of the intestine was 
increased. This was shown by the increased rate of absorption of 
diphtheria antitoxin compared with the controls which were dosed 
with antitoxin and saline only. The greatest increase in permeability 
occurred in two animals in which the antitoxin was added to the cul- 
ture drip towards the middle or end of the experiment when high 
concentrations of epsilon toxin had been present in the intestine for 
some hours. 

Overeating disease and enterotoxaemia. Smith (1957) states that entero- 
toxaemia is almost always associated with a heavy intake of nutritious 
food, such as milk, fresh grass or gram. Bullen and Scarisbrick (1957) 
found that overeating played an important part in the development of 
experimental enterotoxaemia, and that the introduction of cultures of 
C\. welchii Type D into the intestine without overeating appeared to be 
harmless. 

Nevertheless there appears to be some difference of opinion on the 
exact role played by overeating in actual outbreaks of enterotoxaemia. 
Britton and Cameron (1944), for example, considered it unlikely that 
the absorption of Cl welchii epsilon toxin was responsible for the 
disease. This confusion appears to have arisen from the fact that it is 
quite possible to produce a severe and sometimes fatal acidosis in sheep 
by feeding large quantities of carbohydrate (C.S.I.R.O. Reports, 
Australia, 1948-9, 1950, 1951 and 1952; Hungatc ct al. t 1952). The 
severe acidosis which may occur some 12-24 hours after a large 
feed is due to the very rapid growth of acid-producing organisms in 
the rumen, usually Streptococcus bo vis. Death can occur after 1 to 3 
days. 

Bullen and Scarisbrick (1957) distinguished experimental entero- 
toxaemia from death due to overeating and acidosis by the following 
criteria. Death from acidosis in animals fed with large quantities of 
wheat occurred after periods varying from 25 to 65 hours. Typical 
symptoms were dullness and inappetencc followed by sudden collapse 
shortly before death or a prolonged weakness and prostration, with 
hyperventilation and salivation followed by coma and death. On 
the other hand most of the animals dying of enterotoxaemia showed 
typical nervous symptoms with convulsions. The interval between 
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the appearance of typical symptoms and death was short, not more 
than ii hours Of the ten annuals Hied with experimental entero- 
toxaemia five showed no symptoms of acidosis The remaining five 
animals showed only mild symptoms of acidosis and three died within 
six hours of the start of the culture dnp The clearest differentiation 
between the two conditions was shown by the behaviour of the blood 
glucose All the animals dying from enterotoxaemia, except one 
which was not examined, showed a marked hyperglycaemia which 
was closely related to the appearance of typical symptoms All the 
animals dying from acidosis showed normal blood-glucose levels 
immediately before death 

Summary, Pathogenesis of Euterotoxaeima The organism responsible 
for enterotoxaemia of sheep, Clostridium wclcltn Type D, is a common 
inhabitant of the alimentary tract of normal animals 

The disease cannot be reproduced in sheep fed on normal diets such 
as hay even if large quantities of Cl nelchu Type D arc introduced 
into the intestine for long periods of time This appears to be due to 
the following factors the absence of large quantities of fermentable 
substrate m normal intestinal contents limits the growth of the organ- 
isms, the rapid flow of the intestinal contents soon removes any 
accumulation of bacteria and toxin, the toxin is not easily absorbed and 
low concentrations are harmless 

The disease can be reproduced consistently if the diet is changed 
suddenly and large quantities of nch food such as wheat are eaten 
before the culture is introduced mto the intestine In these circum- 
stances the rumen flora cannot adapt itself sufficiently rapidly to the 
changed environment and large quantities of undigested or partly 
digested food escape into the small intestine. This provides an ideal 
substrate for Cl welchit Type D which grow extremely rapidly and 
produce high concentrations of epsilon toxin High concentrations 
of toxin and possibly other metabolic products of the bacteria rapidly 
increase the permeability of the intestine Large quantities of toxin 
are absorbed and the sheep dies of acute enterotoxaemia 

Experimental enterotoxaemia can he distinguished from death due 
to acidosis which can follow overeating on diets such as wheat 

1HB DIAGNOSIS OF ENTEROTOXAEMIA 

It is sometimes claimed that it is difficult to make an accurate diag- 
nosis of enterotoxaemia, or that the disease may be easily confused with 
other conditions It is true that it might be difficult to prove that a 


574 



Enterotoxaemia 


steep had died from enterotoxaemia, but with a reasonably fresh 
carcass it should not be difficult to establish a correct diagnosis beyond 
all reasonable doubt. 

Apart from the post-mortem signs already described, the following 
criteria should be of value. The first is appearance of large numbers of 
organisms resembling CL wekhit in the small intestine. In a fresh 
carcass of a sheep dead from some other condition no organisms of 
this type can be seen, and even in an animal long since dead the post- 
mortem invaders are usually of many species and do not give the same 
appearance as the mass of straight thick rods seen in typical entero- 
toxaemia (Bennetts, 1932; Buhen and Scarisbrick, 1957). 

It is, of course, essential to demonstrate the presence of epsilon toxin 
in the intestine. The gut contents should be mixed with an equal 
volume of saline and centrifuged at high speed until the supernatant 
fluid is clear. The supernatant fluid should not be filtered through a 
Seitz EK pad which may adsorb considerable amounts of epsilon toxin. 
Properly clarified centrifuged material seldom contains substances that 
cause nonspecific deaths in mice. It is debatable whether it is worth 
while to estimate the concentration of the toxin present. The presence 
of only low concentrations in a carcass is no indication of the concen- 
tration in the intestine during life. Exact knowledge of the fate of 
epsilon toxin in the intact carcass is uncertain, hut there issome evidence 
that there is a rapid decline immediately after death (Bullcn and 
Scarisbrick, 1957). The toxin usually survives for a long time in the 
supernatant of centrifuged intestinal contents kept at 4*4° C. It will 
keep indefinitely if frozen at — 20° C. 

The urine should aways be examined for sugar. Even a few drops 
may be sufficient to give a positive reaction with Benedict’s reagent. 
Glycosuria combined with the presence of epsilon toxin in the intestine 
strongly suggests enterotoxaemia, although it must be remembered 
that glycosuria can occur with other causes of death. If one or two 
ml. of urine give a negative reaction, then death is unlikely to be due 
to enterotoxaemia, as the absorption of a lethal dose of epsilon toxin 
invariably results in a hypcrglycacmia. 

The pulpy kidney lesion, though only a post-mortem change, is a 
useful sign provided the carcass is reasonably fresh. It is important 
to recognize the difference between ordinary post-mortem softening 
and the typical pulpy kidney lesion. Typical pulpy kidneys even in 
a carcass only 6- 12 hours old arc so soft that they can be squeezed 
through the fingers with case. 
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Strong evidence in favour of a diagnosis of entcrotoxacnua is sug- 
gested by the following (i) the characteristic microscopical appearance 
of organisms resembling Cl uelchu in very large numbers m the 
intestine, (2) Cl u etchu epsilon toxin in the intestine, (3) glycosuria, 
(4) the ‘ pulpy kidney’ lesion The occurrence of gl> cosuna in natural 
cases of enterotoxacmia has recently been confirmed by Jansen (196°) 

THE PREVENTION OF ENTEROTOXAEM1 A 
Management The close association between good feeding conditions 
and entcrotoxaemia due to Cl uelchu Type D has led a number of 
people to attempt to prevent or curtail outbreaks of the disease by 
restricting the food supply Unfortunately many of these attempts 
have not been done with suitable controls Nevertheless Gill (i933) 
thought that the ‘yarding* of lambs for 24 hours every 5-7 day $ v. as of 
value Gill described ‘yarding’ as keeping the flock may ard, without 
food from 6am to 6 a m the following day In one instance 434 
lambs were divided into two equal groups One lot ‘yarded* every 
7 days had a death rate of o 5 per cent The death rate in the controls 
was approximately 3 per cent Bennetts (1932) merely states that the 
preventive effect of grazing on scrub country was well known 
Newson and Cross (1943) state that deaths from ‘overeating disease’ 
may be stopped practically overnight by withholding gram Shaw, 
Muth and Seghetti (1939) mention that attempts made to control 
pulpy kidney disease in Oregon by Gills method of yarding were 
apparently without success 

Foggie and MacNab (1939) described some interesting results on the 
effect of Cl welchti Type D antiserum and the temporary starvation of 
lambs on the incidence of the disease 1,85 1 lambs from 20 farms were 
used for the experiment On each farm the lambs were divided into 
three groups, of approximately equal numbers One group were 
penned away ftom the ewes for a period of not less than 7 hours and 
m some cases the lambs were also docked and castrated The mortality 
in the control group was 2 4 per cent in those receiving antiserum 
o 3 per cent and in those temporarily starved o 4 per cent 

There is thus strong circumstantial evidence that a temporary 
reduction m the food supply may help to prevent enterotoxaerrua 
The fact that overeating and a change of diet were essential for the 
production of experimental enterotoxaerrua also suggests that limita- 
tion of the food intake might help to prevent the development of the 
disease 
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Immunization. Adequate immunization against CL welchti epsilon 
toxin is the best method of protection against enterotoxaemia due to 
Cl. welchit Type D. Circulating epsilon antitoxin gives complete 
protection provided the concentration is sufficiently high. Bullen and 
Scarisbrick (1957) found it impossible to reproduce experimental 
enterotoxaemia in animals with high levels of circulating antitoxin, 
even when very high concentrations of toxin were maintained in the 
intestine for many hours on end. 

Thomson and Batty (1953) suggested that the minimum level of 
circulating epsilon antitoxin required for adequate protection is 0*1 
units per ml. of blood. Smith and Marsh (1953) state that 0*3 unit 
per ml. gives adequate protection and that lower amounts are probably 
sufficient. Montgomerie and Thomson (1954) describe three methods 
of immunization. (1) The passive protection of new-born lambs by 
the consumption of colostrum from an actively immunized ewe. The 
level of protection transmitted to the lamb will depend entirely on the 
amount of circulating antitoxin in the ewe. Colostrum from a well- 
immunized ewe should provide adequate protection for about four 
■weeks, (2) Passive protection of lambs by injection of hyperimmune 
horse serum; 2 ml. in lambs and 5 ml. in sheep over 6 months old of 
suitable antitoxin will provide a circulating epsilon antitoxin level of 
>o*i unit for about three weeks. (3) Vaccination with Cl. welchii 
epsilon toxoid. The response to toxoid depends upon the animal’s 
previous experience of the antigen. If the sheep is sensitized to epsilon 
toxin and possesses even traces of circulating antitoxin then the response 
to a single dose of vacrinc is usually good. On the other hand if the 
sheep are not sensitized to the epsilon antigen the injection of a single 
dose stimulates little or no antitoxin. This dose should however pro- 
vide adequate sensitization so that a second injection of antigen 4-6 
weeks later should provide a good response. 

In Great Britain it is not uncommon to find flocks which have a 
certain level of natural immunity (Montgomerie and Thomson, 1954). 
Tiffs immunity can occur suddenly and is probably derived from the 
absorption of small amounts of epsilon toxin produced by CL welchii 
Type D present in the intestine (Bullen and Scarisbrick. 1957). In the 
case of valuable flocks it might well be worth while to bleed and test 
a number of animals to get some idea of the Ici'cl of natural immunity 
before starting immunization. 

Montgomerie and Thomson (1954) recommend the following 
programme of immunization in a flock in which the disease had 
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occurred both in adults and lambs The ewes should be vaccinated 
early m the autumn, and rcvaccmatcd during the winter A tlurd 
vaccination should be given about two weeks before lambuig begins 
to provide a high level of circulating antibody which will be trans- 
mitted to the lambs in the colostrum The lambs w ill be protected 
by tbc transmitted antibody for about 4-6 weeks and may be 
vaccinated within the first few days of life and rcvaccmatcd 6 weeks 
later to provide adequate protection for at least 6 months All the 
ewes should then be rcvaccmatcd about two w ccks before any future 
lambing 

Antigenic efficiency of Type D lacctucs Batty and Glcnny (i94$) 
showed that the antigenic efficiency of Cl ti clchu Type D toxoid was 
increased by treatment with trypsin They found for example that 
rabbits immunized with trypsin-treated anaculturc produced nearly 
10 times as much antitoxin as rabbits immunized with untreated ana- 
culture Similar results w ere obtained with guinea-pigs and horses 
Thomson and Batty (1953) showed that alum-precipitated trypsm- 
treated toxoid stimulated the production of higher lc\ els of antitoxin 
in sheep than cither anaculturc, anaculturc plus alum or untreated 
alum-precipitated toxoid They also found that alum-precipitated 
toxoid gave better results than anaculturc alone Pcrcwal ct al 
(1954) state that lambs receiving anaculture did not show low cr anti- 
toxin levels than those receiving alum-prccipitatcd \accmc (presum- 
ably alum-precipitated anaculture) Similar results were obtained by 
Munoz ct al (1955) Nevertheless it would appear that alum- 
preapitated trypsin-treated toxoid is probably the most efficient 
vaccine at present available 


ENTEROTOXAEMIA CAUSED BY TYPE A 

Rose and Edgar (1916) described a condition \n sheep and calves 
•which they called entcrotoxaemia jaundice In the acute form of the 
disease observed m sheep, death occurred after a very short period of 
illness characterized by dullness rapid pulse and respiration and 
haemoglobmuria In the subacute and chrome forms the skm and 
mucous membranes became yellow in colour There was a persistent 
diarrhoea and considerable loss m condition In calves the chief 
symptoms were dullness inappetencc and haemoglobinuna On 
post-mortem examination of a fresh carcass there was evidence of acute 
jaundice All the body tissues were a bright yellow or a dull biscuit 
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colour. The liver was friable and often severely jaundiced. The 
small intestine was almost empty, the contents thick and creamy; the 
caecum was often deeply congested. Examination of the blood showed 
a striking haemoglobinaemia with the red cell count sometimes as low 
as a million. Post-mortem changes occurred very rapidly. In both 
calves and sheep large numbers of organisms resembling CL welchii 
were seen in the small intestine although very large numbers of coli- 
form organisms were also present. 

A toxic substance was found in the intestinal contents of a number 
of sheep dying of the disease. Unfortunately in the great majority 
of cases only Cl. welchii Type D serum was available for neutralization 
tests. This gave complete protection against the toxin. It was found 
possible, however, to test a number of filtrates from cases of the disease 
in calves. The toxic material was neutralized by Cl. welchii Type A 
scrum, and thus in all probability contained Cl. welchii alpha toxin. 
In general the evidence would suggest that the animals died from an 
enterotoxaemia due to Cl. welchii Type A. Nevertheless a more con- 
vincing demonstration of the presence of Cl. welchii alpha toxin in the 
intestinal contents of cases of this kind is probably required, especially 
in view of the invariable presence of CL welchii Type A in the intestinal 
contents of normal sheep and calves. 

A brief mention of a similar type of disease has been made by Quin 
(i954)* Schofield (1955) reported a scries of sudden deaths in calves 
which he believed to be due to enterotoxaemia due to the welchii Type 
A. Post-mortem examination showed acute congestion of the duo- 
denum and jejunum; sometimes the intestinal contents were stained 
with blood. A substance toxic for mice on intravenous inoculation 
was found on three occasions, but unfortunately no neutralization tests 
were done and the nature of the toxic material remains uncertain. 


ENTEROTOXAEMIA CAUSED BY TYPE B 

The most common form of this disease occurs in lambs. Referred 
to as *kamb Dysentery* in Great Britain, bloedpcns in South Africa, 
the disease has also been described in North America, Australia and 
New Zealand (Smith, 1957). 

Cl welchii Type B was first isolated by Gaiger and Dalling (1923) 
from ulcers of lambs dead of lamb dysentery. The disease is almost 
entirely confined to Iambs under two weeks old (Dalling, 1926; 
Gaiger and Davies, 1949). Pones of 20-30 per cent can occur. In 
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the very acute form of the disease the lambs are usually found dead, but 
in the majority of eases, especially in animals up to 10 days old, death 
occurs in about three days Symptoms consist of severe abdominal 
pain and dysentery' In a more chrome form of the disease the lambs 
die after showing persistent diarrhoea for several days Some may 
eventually recover but tins is rare 

On post-mortem examination the lambs dead from the \cry acute 
disease often show nothing but an acute inflammation of the small 
intestine A few small ulcers may be present These arc i-z mm m 
diameter with a yellow necrotic centre surrounded by a zone of acute 
inflammation The intestinal contents are bloodstained If tbe 
lambs survive for a day or two the ulcers may be 1-2 cm in diameter 
There may also be a peritonitis with a number of adhesions betw cen 
loops of the intestine 

IMMUNIZATION AGAINST IAMB DYSENTERY 
Mason, Dallmg and Gordon (1937) were able to show that lambs 
could be passively immunized against Cl u elehn Type B by suckling 
an immune ewe Their mam conclusions were as follows 

(1) Ewes immune against lamb dysentery do not transmit anutoxin to the 
lamb through the placenta (2) At parturition the antitoxic titre of the 
colostrum of immune ewes is greater than that of the serum. (3) Antitoxin 
m the colostrum is absorbed by a newly-born lamb but not by a four-day- 
old lamb (4) The first colostrum contains more antitoxin per volume than 
at any later time, the first suck by a lamb is important in the transmission of 
antitoxin (5) Heterologous antitoxin fed to a lamb or contained in the 
mother’s colostrum is absorbed by the nev. ly bom animal (6) Heterologous 
antitoxin injected subcutaneously is absorbed much more rapidly than when 
administered by mouth. (7) The administration of cither homologous or 
heterologous *L D ’ antitoxin to pregnant ewes a short time prior to lambing 
confers a definite protection to their lambs against naturally occurring Iamb 
dysentery 

The methods of immunization employed today are based upon this 
work Lambs can either be injected with a suitable dose of Cl welchtt 
Type B antitoxin immediately after birth or the ewes are actively 
immunized with Type B toxoid before the lambing season Ewes 
require at least two injections of vaccine, one dose about five months 
before lambing, and tbe second about two weeks before lambing In 
all subsequent years tbe ewes are revaccinated about two weeks before 
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lambing. This procedure should provide adequate protection for the 
lambs during the first two weeks of life. 

ENTEROTOXAEMIA IN FOALS AND CALVES CAUSED BY TYPE B 
Entero toxaemia caused by Cl. welchii Type B can also occur in foals. 
Montgomerie and Rowlands (193 7) described one case in a three-week- 
old animal. There were symptoms of abdominal pain accompanied 
by severe diarrhoea. Post-mortem examination showed acute 
inflammation of the small intestine with ulceration in the mucous 
membrane. Cl. welchii Type B was isolated from one of the ulcers. 
Mason and Robinson (1938) describe two outbreaks of the disease. 
In one instance 7 of 43 foals died of dysentery; in the other 7 of 17 foals 
died. Symptoms were noticed within 48 hours of birth and death 
usually occurred within 24 hours. All the animals had severe dysentery. 
This was followed by weakness, coma and death. On post-mortem 
examination the only lesion found was acute inflammation of the small 
intestine together with numerous dark red areas up to x cm. in diameter 
which may have been the beginning of ulceration. Cl. welchii Type 13 
was isolated from the intestinal contents. 

Hepple (1952) has described a case of entero toxaemia in a calf due 
to Cl. welchii Type B. The animal was one of several, aged 7-10 days, 
which developed severe diarrhoea. Deaths occurred in 1-4 days from 
the onset of symptoms and a few animals recovered. The post- 
mortem lesions in the animal examined included an acute enteritis with 
extensive necrosis of the mucous membranes. The lesions were most 
severe in the ileum. The intestinal contents were bloodstained and 
contained both and c toxin, although the epsilon toxin was apparently 
only demonstrated after the filtrate had been treated with trypsin. 
Cl. welchii Type B was isolated from the ileum contents and the necro- 
tic lesions. 


ENTEROTOXAEMIA DUE TO TYPE C 

SHEEP AND IAMBS 

Clostridium welchii Type C was first isolated by McEwcn (1930) from 
sheep dead of 4 struck'. This term is applied to a fatal disease of sheep 
first noticed in the Romney Marsh area. 'Struck* is characterized by 
a sudden, almost symptom! css illness, and rapid death. When seen 
before death the animals appear dull and dejected, do not feed or 
ruminate and they appear to suffer from severe abdominal pain. There 
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is no dianhoca and no nervous symptoms. McEsvcn gives a detailed 
description of the lesions of the disease, the main features of which ate 
as follows. Post-mortem examination shortly after death shows an 
acute peritonitis and enteritis. The peritoneal cavity may contain up 
to three litres of pale yellow fluid, which is sometimes tinged with 
blood. There is intense congestion of the peritoneal vessels and 
numerous subperitoneal haemorrhages. Parts of the small intestine 
show moderate or acute congestion, frequently accompanied by ulcera- 
tion of the mucous membrane. The ulcers vary from 2 to 3 runt. in 
diameter to extensive lesions some 6-1 2 cm. long and 1-2 cm. wide. 
The intestinal contents often contain blood. There arc no muscle 
lesions. McEwcn points out that if the carcass is left for more than S 
hours before examination a characteristic post-mortem change 
develops in the subcutaneous and muscular tissue; the muscles become 
moist, soft and discoloured and m some eases full of gas. The whole 
picture resembles acute gas gangrene infection but is in fact due to 
post-mortem invasion. 

The disease affects adult animals. Losses vary from 5 to 15 per cent 
and its incidence is variable and is often found more frequently on some 
pastures than on others. 

Brooks, Stemc and Warrack (1957) describe the strains originally 
isolated by McEwen as the ‘classical’ Type C. 

Grincr and Johnson (1954) described an acute fatal haemorrhagic 
enteritis in lambs in Colorado. The disease occurred some 12 to 7 2 
hours after birth, and in one flock the incidence was high, 12-20 per 
cent of the lambs per day. There were no characteristic symptoms 
other than sudden death. The post-mortem lesions described are 
almost identical with those of ‘struck’ : an acute peritonitis, patchy 
acute enteritis, with blood and desquamated necrotic mucous membrane 
in the intestinal contents. 

ENTEROTOXAEMIA IN CALVES DUE TO TYPE C 

Griner and Bracken (1953) described an acute haemorrhagic enteritis 
in calves in Colorado, the greatest loss occurring between the ages of 
3 and 5 days. All the animals were in good condition before the 
disease appeared. The animals died suddenly, usually within 2-4 
hours of becoming ill with signs of acute abdominal pain; occasionally 
blood-stained faeces were observed. On post-mortem examination 
the chief lesions consisted of an acute haemorrhagic enteritis of the 
jejunum and ileum with necrosis and desquamation of the muco$3. 
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The intestinal contents were bloodstained. The strains of Cl. weleltii 
Type C from Colorado differ slightly from the * classical ’ strain (Brooks, 
Sterne and Warrack, 1957). 

ENTEROTOXAEMIA IN PIGLETS DUE TO TYPE C 
Field and Gibson (1955) described a form of haemorrhagic enteritis 
in piglets. Deaths occurred between 30 and 72 hours of birth. 
Occasionally cases are observed up to 14 days of age. The loss in 
affected litters was severe, and appeared to vary from approximately 
20 per cent to 100 per cent. Symptoms consisted of dullness and weak- 
ness. Some developed dysentery in the final stage of the disease. 
Post-mortem examination showed a haemorrhagic necrotic enteritis of 
the small intestine with blood-stained intestinal contents. Brooks, 
Sterne and Warrack (1957) showed that the Cl. wekhii Type C strain 
from the piglets differed slightly from the 'classical’ and Colorado 
strains. 

All forms of enterotoxaemia caused by Cl. welchii Type C appear to 
be characterized by rapid death and extensive destruction of the mucous 
membrane of the intestine. The nature of the predisposing causes of 
the infection are uncertain. In calves and pigs the animals are usually 
receiving large amounts of milk and it might be postulated that tliis 
could provide a suitable substrate for rapid growth of Cl. welchii Type 
C. Nevertheless, McEwen states that losses from ‘struck’ are believed 
to be heaviest when pastures arc short and grazing scanty. The disease 
has been reproduced with massive doses of culture and toxin, or cul- 
ture alone (McEwcn, 1930) but unfortunately the results of these 
experiments cannot very well suggest what the predisposing causes of 
the disease might be. 
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CHAPTER TWENTY-THREE 


Calcium and Phosphorus 

JOHN T ABRAMS 

Introduction — Nature of the problem — Dufnbwfio/u end functions of calcium and 
phosphorus m the animal body — Alimentary absorption of calcium end phosphorus, 
action of vitamin D, importance of dietary CaJP ratios, mechanism of calcium and 
phosphorus absorption — Calcium and phosphorus content of herbage — Practical 
applications, the general situation of the grazing animal, calcium and phosphorus 
requirements of sheep and cattle, recognition of field deficiencies, the effects of dietary 
CajP imbalance — Conclusions 


Calcium and phosphorus are two of the consort of twenty or so 
chemical elements which are necessary for the maintenance of life in 
the higher animals All are equally important and life ceases if any 
one of them is missing furthermore, they need to be provided con- 
tinually in food m various, suitable proportions In addition calcium 
and phosphorus were two of the first members shown to have a closely 
related connection with each other, whilst it is within the last three or 
four decades that further interrelationships have been disclosed 


THE NATURE OF THE PROBLEM 

With the sole exception of oxygen, none of the elements necessary 
to life is found m living tissues as an element, although a number of 
them, of which calcium is one, occur as ions most, including calcium 
and phosphorus, are present in the living body as chemical compounds 
What baffled early students of the chemistry of life — and still remains a 
major problem m biochemistry — was the variety of compounds to be 
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found in any living organism. Indeed, the difficulty of separating and 
identifying the great variety of substances was of such magnitude that 
it was by-passed in favour of simplicity. If animal tissues are burned 
under suitable conditions, most of the compounds of carbon, hydrogen, 
oxygen and nitrogen are converted into volatile gases, whereas the 
other elements remain behind as ash, the weight of which is usually but 
a few per cent of the original weight of fresh tissue. 

With elements reduced to that form the nineteenth-century chemist 
could tackle the problem, knowing that all of the original calcium 
would he present in the ash as calcium oxide, calcium carbonate or 
other simple calcium salt whilst the phosphorus would be there as 
salts of phosphoric acid. Thus arose the custom of reporting the 
amount of calcium in foodstuffs as calcium oxide, CaO, and the phos- 
phorus as P 2 O s , instead of the weights of the elements themselves. 

This crude method of analysis can be applied to parts of animals or 
plants, so that information may thus be gained about the distribution of 
the two elements in living organisms. By the repeated application of 
such a technique, the details of which are of no immediate concern, we 
now know something about (a) the distributions and general functions 
of calcium and phosphorus in the animal body; ( b ) the modes of ab- 
sorption of the compounds of these elements from the alimentary 
canal; (r) the occurrence of such substances in plants, especially grasses 
and clovers, and (d) the practical implications of the subject-matter of 
the three preceding sections. 


THE DISTRIBUTION AND FUNCTIONS OF CALCIUM AND 
PHOSPHORUS IN THE ANIMAL BODY 

About 99 per cent of the total calcium of the animal body is present, 
but definitely not ‘locked away’, in the bones and teeth: by contrast 
about 30 per cent of the phosphorus is found in the soft tissues, even 
though it also is an important bone constituent. 

In mammalian blood the level of calcium is kept fairly constant at 
about 10 mg. per too ml. If it docs fall much below this level the 
process of blood clotting may be seriously impaired. Furthermore, 
although only about half of the total blood calcium is in ionic form, 
the remainder being bound to protein, calcium ions arc necessary' for 
the proper functioning of nerve and muscle. Again, the mammalian 
secretion of milk may be regarded as bone formation by proxy, since 
the dam has to provide the necessary nutrients, including calcium and 
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phosphorus, for the growth of sucklings in cow’s nnlk calcium 
and phosphorus are each present to the amount of about 5 gm P cr 
gallon .. 

"Present evidence indicates that phosphorus vs present in living cells as 
derivatives of orthophosphonc and, OP(OH) 3 Thus the inorganic 
fraction of bone contains calcium and phosphate, which together he p 
to form the crystal lattice of bone Furthermore, phosphorus occurs 
in some of the organic structural components of the body, as for 
example in the phospholipids More spectacular, in the light of the 
discoveries of the last three decades, but not more vital, is the part 
played by phosphate within the tissues both in the build-up of carbo- 
hydrates, fats and proteins and in their breakdown with consequent 
energy release 

It was suggested earlier that calcium and phosphorus are not ‘locked 
away’ m the bones , they should indeed be looked upon as useful reserves 
upon which the organism can draw in time of need, a metabolic bank 
in fact hut, like any normal bank, one from which it is not possible to 
make unlimited withdrawals During lactation, for example, dietary 
calcium or phosphorus intake at times may not suffice to cover the 
amount lost in the milk secreted, so whilst such a net loss to the 
lactating ammal cannot contmue indefinitely, the depletion of the 
calcium and phosphorus of the bones may serve a useful temporary 
purpose Replacement is to be expected and to be provided for dur- 
ing the dry period 

Though it is important to the farmer, the lactating animal must not 
usurp all attention for hone growth in meat-yielding animals is also 
significant Apart from the wastage of adult beasts from dairy 
herds, meat is provided largely by young stock and it was shown 
many years ago by Hammond (recent summary, 1955) that the se- 
quence of development in the growing beast is the vital organs, such 
as the hram and heart, followed by the bones, skeletal muscles, and 
subcutaneous and visceral fat "Where the beast is adequately fed the 
different stages are crowded together if its nutrition is poor they are 
spread out in time The bony framework is thus a prerequisite to the 
healthy development of muscle, 1 e meat, so that no farmer, desiring 
to get his young stock quickly to marketable condition, can afford 
to neglect to provide for the growth of their bones he must therefore 
pay careful attention to the amounts of calcium and phosphorus m 
the feed of his beasts Where fattening at grass is his object, die 
composition of the herbage is thus important 
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THE ALIMENTARY ABSORPTION OF CALCIUM AND 
PHOSPHORUS 

When, to Owen Glendower’s boast, ‘I can call Spirits from the vastie 
Deepe’, Hotspur replied, ‘But will they come, when you doe call for 
them?’, he was providing a parallel for modern problems involving 
calcium and phosphorus. To know the rate at which bone grows in 
young sheep or cattle, or the output of the two elements in milk, is one 
thing: to call upon the diet to match these requirements is quite 
different. Indeed, it is a problem which has been responsible for a 
steady stream of research since the earlier part of the century, when 
Mellanby showed that rickets, the bone disease characteristic of the 
ill-fed, growing animal, could be produced at will in the young dog 
by suitable dietary manipulation. Later workers demonstrated a like 
position for the rat and the chick. 

First, however, how does one determine how much calcium and 
phosphorus are needed daily for a growing calf, or lamb, or young 
pig ? The initial thing to be settled is what we mean by a young calf 
lamb or pig, for a lamb may be a lamb whether it takes four months or 
ten months to reach slaughter weight. How, if the answer to this 
question does not rest entirely with the farmer and his customer it docs 
so to a surprising degree. The former desires a beast that will grow to 
market weight quickly and cheaply. Aided by the nutritionist and a 
host of other specialists, he is able to do this nowadays in a way that 
would have surprised most farmers of fifty years ago: in the case of 
poultry growth rates arc now fantastic compared with what they were 
even twenty years ago. 

If, then, the animal is first defined in this manner (which may well 
change in another decade !} — there arc two classical methods of deciding 
how much calcium and phosphorus arc needed for die purpose. In 
the first of these a group of beasts, as nearly as possible alike in species, 
breed, age and weight, is divided into several groups, one of which is 
slaughtered immediately, the carcases being analysed for their contents 
of calcium and phosphorus, whilst the rest arc then similarly housed 
and fed. At prc-dctcrmincd intervals other groups of the animals are 
killed and treated just as the first group. In this way the gradual 
build-up of die two elements in the animal body can be followed and, 
knowing the time interval concerned, one can calculate their average 
daily rates of deposition for animals of selected ages. As an alternative 
to this method one may me a — usually — shorter type of test, in which 
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the calcium and phosphorus contents of the food consumed and of the 
corresponding excretions of faeces and unne arc measured 
fraction of the intake which cannot be found in the excreta is deeme 
to rest in the body of the animal There arc slightly more modern 
versions of both of these techniques but they need no extended com- 
ment here Finally, the calcium and phosphorus contents of a gallon 
of milk are fairly easy to determine In any given case, then, provided 
this basic type of invesngation has been earned out, there should be no 
difficulty is saying what are the very least amounts of the two elements 
which the daily diet must provide one may supply more than this, 
but can expect nothing better than suboptimal results or even ultimate 
disaster if the intakes fall below such figures 

Supposmg however, that the two elements are provided in just the 
calculated amounts can one assume that all is well 7 Unfortunately, 
no ' If for example, these elements are provided in a single lump of 
fused calcium phosphate, hard, and slow to dissolve in the gastric 
juices, they may be carried through the digestive tract before solution 
has been accomplished, and such solution is a necessary prerequisite to 
absorption through the wall of the gut If they arc to be absorbed, 
calcium and phosphorus must either be present m solution in the food 
or m particles small enough to permit their dissolving in the digestive 
juices before the food passes through the small intestine (Matsushima, 
Dowe, Comar Hansard and Visek, 1955) In plants, such as the grazing 
animal may encounter, the two elements appear chiefly to be in solu- 
tion but if it is deemed necessary to supply a mineral supplement to 
such beasts, then a coarse, ‘floury’ type of mineral mix is desirable 
As mdicated earlier, however, calcium and phosphorus are not to be 
found m elementary form m nature, nor is the animal body adapted to 
dealing with all kinds of compounds Calcium is best provided in the 
freely available calcium-protein complex of milk, or as a salt which 
will dissolve, e vobj ux the. dtgatett * -g Vi sutsfioaft 

(calcium carbonate) By contrast phosphorus presents a more 
difficult problem, so that the supplements given to the grazing animal 
are usually provided either by ground bone, derived from the bones of 
animals recently slaughtered, or by * rock phosphate’, which is found in 
large mineral deposits in various parts of the world In composition 
rock phosphate approximates to that of bone ash hut apart from its 
being ground to suitable size, it is often processed for two other, very 
different reasons Firstly, it may contain too much of the toxic ele- 
ment fluorine for it to he fed safely to many classes of livestock 
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processing mineral acid is therefore employed to remove the undesir- 
able fluorine or to reduce its content to safe levels (Committee on 
Animal Nutrition. 1955). Secondly, as explained below, it may con- 
tain too high a proportion of calcium in relation to its phosphorus 
content, so that chemical treatment is used also to produce what is 
commonly called di-calcium phosphate, CaHP0 4 . In fact, ortho- 
phosphoric acid, H 3 PO 4 , contains in the molecule three atoms of 
hydrogen, replaceable by metals and may give rise to three different 
calcium salts, depending upon whether one, two or three atoms of 
hydrogen are displaced by calcium. Clearly there will be no difference 
in chemical composition between CaHP0 4 and an equimolecular 
mixture of Ca 3 (P0 4 ) 2 and Ca(H 2 P0 4 ) 2 . In other words a product 
derived from rock phosphate by treatment with acid and showing a 
composition corresponding with CaHP0 4 may consist of nothing 
more than that substance or it may contain any proportions of 
CaHP0 4 with an appropriate mixture of Ca(PI 2 P0 4 ) 2 and unchanged 
Ca 3 (P0 4 ) 2 . 

The reader may fed inclined to protest that this is a complicated 
argument which has little to do with grazing but, nevertheless, it is 
relevant to two very important issues, (e) the mode of assimilation of 
phosphorus compounds and (b) the occasional need to supplement the 
intake of some grazing animals with mineral mixes of which ‘di- 
calcium phosphate* in various commercial grades is one. Thus, in 
kiln drying, the over-heating of CaHP0 4 gives rise to the calcium salt 
of pyrophosphoric arid, Ca 2 P 2 0 7 , whilst any Ca^oPOjo may yield 
the calcium salt of mctaphosphoric arid, Ca(P0 3 ) 2 : experiment sug- 
gests that pyrophosphate and metaphosphatc arc both poorly absorbed 
from the alimentary tract (Barrentinc, Maynard and Loosli, 3944; 
Wilcox, Carlson, Kohlmcycr and Gastlcr, 1955 ). 

It is thus true that it may be difficult to match the needs of livestock 
for calcium and phosphorus with dietary supplies, for not only arc 
there the complications mentioned above to be considered but another 
remains to be faced. In seeds, including cereal grains such as may be 
used to supplement pasture at times of diminished growth, there 
occurs phytic arid, a substance derived from inositol and orthophos- 
pboric arid and giving rise to insoluble calcium salts: unless phytic 
acid is broken down into its components as a result of microbial action 
in the gut, its phosphorus is unavailable to the animal. Although 
there is evidence that a substantial proportion of the phytic arid of 
normal feeds is actually decomposed m the adult bovine digestive 
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tract (Reid, Franklin and Hallsworth, 1947, Mathur, 195 3) this is not 
necessarily so in very young ruminants such as lambs 

Quite clearly least difficulty is likely to be experienced when simp e 
salts of calcium and orthophosphonc acid are provided for livestock, 
and in experimental work with laboratory animals it is usual to add a 
‘salt mixture’ to the diet, the salts commonly including calcium 
carbonate and calcium, potassium, or sodium orthophosphates 


THE ACTION OP VITAMIN D 

Mellanby (1918) was the first to show quite clearly that it was not 
sufficient to have suitable calcium and phosphate salts m the diets of 
puppies unless certain fats were also fed, rickets developed just as 
surely as if there were a mineral deficiency Later investigation of this 
occurrence revealed the existence m such fats of what is now known as 
cholecalciferol (vitamin D 3 ) and proved also that the vitamin might be 
supplied either in food or might originate in the skin of a beast if it 
were irradiated m some suitable manner, especially by sunlight 
Forty years later the precise mode of action of die vitamin still eludes 
examination but it has been shown that one of its actions is to assist 
the absorption of calcium from the small intestine (Nicolaysen, 1937) 
At this stage a slight halt must be called to emphasize that three nutrients 
at least are thus interrelated in calcium absorption m the dog Now, 
therefore, we require to be careful m showing that what holds good for 
the canine species is true also of the grazing animal It v/ill be realized 
that as the number of related variables increases, so the chances steadily 
dimmish of the simultaneous manipulation of those variables in experi- 
ments performed on farm animals, other than poultry, for the simple 
reason that very large groups of beasts arc then required such large 
groups are \ ery expensive to bu) , manage and feed In reviewing the 
literature there is thus the eier-prescnt danger of assuming that a given 
dietary relationship found to hold good with one species, e g rats, 
applies equally well to all others, c g sheep and cattle In the winter’s 
opinion there are many gaps in our knowledge of the calcium and phos- 
phorus metabolism of farm animals Nevertheless, evidence has 
been brought to show that the alimentary absorption of calcium and 
phosphorus b) calves nu) be increased manyfold if they are given 
vitamin D (Wallis, Palmer and Gullickson, 1935) correspondingly, 
cal' « which have no source of the vitamin soon show the swollen 
joints and lameness that are the outward signs of rickets There is 
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little doubt that this is a quite general type of relationship, although it is 
not necessarily equally easily demonstrable in all species. 

There is a further complication, to which reference will later be 
essential, namely that it is not necessary to feed vitamin D simul- 
taneously with calcium and phosphorus nor to have the animal irra- 
diated then, since mammals and birds are capable of storing consider- 
able amounts of the vitamin at times when their intake exceeds their 
needs. Such stores may be drawn upon later if the food then provides 
none of the vitamin, or if sunlight is absent or is lacking in potency. 

THE IMPORTANCE OF DIETARY Ca/P RATIOS 
Although absorption and utilization of calcium and phosphorus 
are greatest when the elements are provided in the diet in the form of 
orthophosphates and simple calcium salts, it is not sufficient to furnish 
them in haphazard quantities. In growing animals good bone forma- 
tion depends initially upon the amounts both of calcium and phos- 
phorus provided in the diet. Alternatively, one may say that it varies 
with the ingested amount of either calcium or phosphorus mid the 
dietary Ca/P ratio: the two statements are equivalent, though they are 
often used in confusing fashion. Nevertheless, it may seem surprising 
that bone formation should depend upon the Ca/P ratio. If, for ex- 
ample, feeding trials under good conditions have shown that a lamb 
can deposit certain quantities of calcium and phosphorus daily in bone, 
it is obvious that unsatisfactory results will be obtained when less than 
those amounts are provided by the available food : it is far from obvious 
that an inikrior growth of bone should resuiY £om the use of more 
than such quantities. Nevertheless, the consequences do tend to 
become more and more unsatisfactory' as the relative amounts of 
calcium and phosphorus in the diet (i.c. the Ca/P ratio) deviate in- 
creasingly from a ratio of about 1-5:1. This has been demonstrated 
for the young of a number of avian and mammalian spcdcs and it 
appears to be of general application; it applies to the pig (Dunlop, 
1935) and the rat, but there arc differences between species as to the 
degree of imbalance that can be endured, the rat, for example, being 
very tolerant. 

In order to try to correct a Ca/P imbalance one may (a) increase the 
amount of calcium or phosphorus in the diet to give a ratio of about 
1*5 :T, or (b) reduce the amount of cither element to die same end, or 
(c) increase the vitamin D intake. One should remember, however, 
that whilst the free provision of the vitamin will help to reined v an 
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imbalance, or the effects of a small daily supply of calcium and phos- 
phorus, neither vitamin D nor any other nutrient can transmute the 
elements absolute deficiencies of calcium or phosphorus cannot be 
made good by further provision of the vitamin 

THE MECHANISM OF CALCIUM AND PHOSPHORUS ABSORPTION 
In a bnef chapter of this kind there is little purpose m attempting 
to deal with details of the mechanisms of calcium and phosphorus 
absorptions, particularly as they are far from completely understood, 
but it is perhaps necessary to mention one important aspect of balance 
experiments where calcium intake of the food is measured during a 
given period for which the urmc and faeces, corresponding with that 
food, are also collected and examined for their calcium contents If 
10 gm of calcium are fed and if 4 gm of the element arc found in the 
faeces, it is natural to assume that 6 gm have been absorbed from the 
digestive tract Modem techniques show quite dearly, however, 
that the faecal calcium consists of two components, namely, that which 
has not been absorbed and tbe remainder which, at some time or other, 
has entered the body but has now left it once again (Comar, 1955) I” 
tbe adult cow there is also a steady flow of phosphate passing from the 
body through the walls of the rumen into the mgesta contained in that 
organ in the calf more phosphate enters the small intestine in this way 
than passes into the rumen (Smith, Kleiber, Black and Lofgrcen, 1956) 
From what has been said already in this section, it should be clear 
that the absorption and utilization of calcium and phosphorus from the 
alimentary canal arc far from simple processes Much of the literature 
of the subject deals with young animals only, since rickets is easily 
observed m such creatures, but rather similar findings with respect to 
the calcification of adult bone have been observed in older animals 
Thus, calcium absorption m tbe cow is improved when vitamin D is 
supplied failing that, demineralization of the skeleton to the point at 
which spontaneous fractures occur is likely (Wallis, 1938) 

THE CALCIUM AND PHOSPHORUS CONTENTS OF HERBAGE 

Although climatic conditions m Britain tend to restrict grazing to a 
limited portion of the year, the post-war emphasis on grass production 
has led to an increased use of dried grass, hay and grass silage during the 
winter months To that extent the problems of tbe grazing season 
proper carry over into the time when cattle are housed In other 
parts of tbe world, notably New Zealand, animals may be out at 
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grass virtually the whole year round. It is essential, therefore, to 
examine the literature concerning the calcium and phosphorus con- 
tents of herbage. The subject was usefully reviewed (Thompson, 
1953 ) hi a paper which includes several references to studies by Thomas 
and his collaborators at Newcastle. 

As the result of agricultural policy in Britain, aimed at the general 
improvement of soil fertility and the production of greater weights of 
herbage with increased nutritive value, two practices have been greatly 
fostered during recent decades; they are (a) the increased liming of 
land and ( b ) the ploughing-in of permanent pasture in favour of ley 
production. The leys which have been favoured have been of a 
relatively simple type, in which leguminous plants have had an 
important place. 

Expressed as a percentage of the dry weight of the plant, the mean 
calcium content of several legumes was found to be 1*69 per cent 
(Ca, not CaO), whilst the corresponding figure for grasses was 0*39 
per cent: for phosphorus (P, not P 2 O s ) the percentages were 0*38 and 
o*2i respectively (Thomas, Thompson, Oyenuga and Armstrong, 1952). 
In each group a wide range of values was observed. Other data in 
the literature are in concordance with these figures. 

The stage of growth of vegetation may also influence the com- 
position of herbage which tends to maintain its content of calcium 
with increasing maturity, although phosphorus percentage declines 
during such ripening, when its changes follow closely the variations of 
protein content. Nevertheless, one should not stress the differential 
effects of age too much, since modem pasture management aims at the 
utilization of young herbage by the grazing animal, the vegetation 
being kept under control by intensive cropping. Likewise, die pro- 
duction of hay and silage from the modem ley is designed to exploit the 
gathering ofyoung grasses and legumes and the production oflcys from 
simple seed mixtures enables the herbage to be cut when all the plants 
arc at roughly corresponding stages of growth, there being no need 
for one plant species to be seeding while the odicrs have yet to flower. 
Lastly, the liming of land tends to raise the calcium content of the 
plants growing dicrcon, whilst favouring the calcium-rich legumes at 
the expense of the grasses. 

Quite clearly it would be foolish to make dogmatic assertions 
regarding the calcium and phosphorus contents of herbage in a par- 
ticular case and one must also make due allowance for the grazing 
habits of the animals influencing the issue, as in the selection oflcavcs. 
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rather than stems, by sheep (Meyer, Lofgrccn and Hull, 1957) Never- 
theless, if average values of i 7 per cent for calcium and 0 4 P<* cent 
for phosphorus in legumes, with corresponding figures of 0 4 per cent 
and 0 2 per cent for grasses, are assumed, the) will provide working 
limits sufficient to yield useful information about the inorganic intakes 
of various classes of farm ammal 

PRACTICAL APPLICATIONS 

Under modem farming conditions it seems that the term ‘ grazing 
animal’ applies so largely to cattle and sheep that there is little reason 
for considering other species within the confines of a single chapter 
That bemg so, the matter for discussion consists of two main divisions 
relating to meat-yielding animals, both cattle and sheep, and to the 
dairy cow respectively In each case it will be necessary to examine 
what pasture offers in relation to the needs of the animals 

THE GENERAL SITUATION OF THE GRAZING ANIMAL 

Under present-day conditions m Britain herbage is expected to 
provide a substantial portion of tbe total food requirements of cattle 
and sheep It affords calcium and phosphorus in amounts to be dis- 
cussed below but yields little or no vitamin D, although the presence 
of an ann-rachmc factor m green fodder has been claimed (Raoul, Lc 
Boulch Baron, Bazier and Gucnllot-Vmct 1956) On the other hand 
large amounts of carotene or pro-vitamin A, occur m such foods 
Apart from deliberate supplementation of the natural diet with some 
concentrated form of vitamin D, the animal s intake of that vitamin 
will be almost entirely dependent upon solar irradiation, a quantity 
which is far from easy to determine 

Now observers m New Zealand and subsequently in Bn tarn and 
Holland bave produced evidence linking carotene with the antl- 
vitamin D activity of green feeds for lambs, although not all of the 
affecting variables may yet have been discovered (Grant 1955) It 
thus appears that four variables bave now to be taken into account, 
calcium phosphorus vitamin D and carotene intakes the position 
being made more complicated by the ability of the body to store large 
amounts of the two vitamins and thus to influence calcium and 
phosphorus absorption and utilization at a later period Anyone who 
sets out to establish the calcium and phosphorus requirements of farm 
animals especially of cattle and sheep, should thus have the beasts’ 
carotene and vitamin D status under good control By chance this 
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has not generally been the case, much of the work having been done 
before the significance of vitamin D was fully realized and long before 
the anti-vitamin D activity of carotene had been discovered. Many 
careful studies were made in the U.S.A., but without such control, and 
in latitudes and climatic conditions so different from those of Britain 
(Abrams, 19520) that wholesale translation of the conclusions from that 
country to this is unjustifiable. An experiment with four variables, 
even though no more than two levels of each variable are used, 
requires at least 2 4 , i.e. 16, animals, without allowing for any duplica- 
tion of treatment: three nutrient levels raise the necessary number from 
16 to 81. It would be dishonest to pretend that experiments with 
cattle and sheep had ever been done on anything approaching these 
lines; instead we have to base conclusions on fragmentary tests, chipped 
off, as it were, from the ideal block. 

On the whole the rate of usage of vitamin D appears to depend upon 
the Ca/P ratio and the absolute amounts of the two elements in the 
diet. Wallis (1938), the only worker deliberately to deplete his adult 
cattle of their reserves of vitamin D before starting his experiment 
proper, noticed signs of deficiency after 2-4 months: this was in a 
sunny state of the U.S. A, much more likely to lead to the build-up of 
vitamin D reserves than in Britain. Calves become deficient in 
similar circumstances in the U.S.A. 1-3 months (Duncan and Huffman, 
1936). American pigs show signs of depletion after about 4 months 
if they are white and after 2 months if they are black (Johnson and 
Palmer, 3939). In South Australia lambs begin to show signs of 
deficiency in about 2 months (Franklin and Reid, 1948). Even under 
-conditions more favourable to the animal than arc likely to be en- 
countered in Britain, it appears that the vitamin D reserves accumulated 
by sheep, pigs and cattle under good conditions of insolation arc suffi- 
cient only for about 3 months at most. To what extent the time 
varies with the calcium, phosphorus and carotene intakes, or carotene 
reserves, it is difficult to tell from the heterogeneous data available. 
At the end of the average British winter livestock may well be depleted 
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graphical and climatological conditions under which mountain sheep 
exist make it difficult though far from impossible, to provide mineral 
supplements by contrast the provision of calcium and phosphorus for 
lowland sheep is rclativ cl> simple Compared with cattle, sheep ha\ c 
the advantage of being out for most of the y car gleaning what sunshine 
there may be during the winter months though it cannot compare 
with summer sunshine In addition, sheep arc likely to consume a 
greater proportion of carotenc-nch green fodder than cattle and less 
hay Hay through solar irradiation is also a source of vitamin D but, 
due again to climatic conditions and to the modem tendency to get 
bay baled and under cover as quickly as possible after the initial 
wilting it is not a potent one 

"With respect to the calcium and phosphorus requirements of sheep 
the Committee on Animal Nutrition of the U S National Research 
Council said (1949) that not all arc agreed on the question of the 
requirements for calcium and phosphorus nor on the optimum 
calcium phosphorus ratio’ They base their recommendations chiefly 
on U S South African and Australian v\ ork the application of which 
to British conditions is subject to reservations More recently ( 1957 ) 
they have suggested that fattening lambs of 60 to 100 lb live weight 
require daily intakes of 2 7 to 4 o lb of air-dned food containing 2 9 
to 3 1 gm of calcium and 2 6 to 2 8 gm of phosphorus — the dietary 
Ca/P ratio is thus close to unity 

At 0 4. per cent calcium and o 2 per cent of phosphorus the average 
data reported for grasses such dry-matter intakes would afford 4 8 
to 7 2 gm of calcium and 2 4 to 3 6 gm of phosphorus the calcium 
intake being more than adequate but that of phosphorus rcmamtng 
rather doubtful If data for legumes arc considered then both calcium 
and phosphorus are adequately covered but at the expense of a Ca/P 
ratio of about 4 I On tbe other hand data provided by Hignett 
(private communication) for local herbage include calcium contents of 
o 5 to o 6 per cent with phosphorus at 2 5 per cent so that low or 
marginal phosphorus intake may frequently be combined with Ca/P 
ratios of more than 2 1 The occurrence of rickets overt or sub- 
clinical m lambs on winter green feed is thus not difficult to under- 
stand Moreover it must be stressed that unsatisfactory weight gams 
rather chan frank rickets have several times been reported To the 
farmer this is the more serious for whilst rickets and lameness in live- 
stock should be recognized readily sub-opnmal weight gams may well 
pass unobserved 
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Recognition of the needs of mountain sheep for calcium, phos- 
phorus and vitamin D, in order to prevent leg deformities (‘bent leg’), 
goes back nearly forty years (Elliot and Crichton, 1926) whereas the 
detection of ovine sub-clinical rickets on green winter feed is much 
more recent. In the selection of preventive measures it appears to be 
useless to provide calcium and phosphorus if the real cause of trouble 
is an inadequate provision of vitamin D, either orally or via insolation 
(Franklin and Reid, 1948). The wnter’s view is that vitamin D 
supplementation is worth the trial. It costs little and sufficient for 
three months is easily given in a single dose. Progressive farmers 
could well test its efficacy themselves by giving it to a section of their 
flocks and comparing the response of those animals with that of the 
untreated beasts. On the other hand vitamin D should not be used 
indiscriminately at high dosage rates. 

Good lamb production depends primarily on a good-milking ewe 
and sufficient herbage. Lactation involves an appreciable production 
of calcium and phosphorus in milk but the marked influence of lacta- 
tion on mineral metabolism in the ewe has had relatively little attention 
(Benzie, Boyne, Dalgamo, Duckworth and Hill, 1959). Studies of the 
effects of different calcium intakes by Cheviot ewes, for which 2*5 ml. 
of cod-liver oil per ewe provided the daily supply of vitamin D, have 
been made during pregnancy and lactation. During mid-prcgnancy, 
late-prcgnancy and mid-lactation the rations provided 2*o, 3*3 and 
4*6 gm. respectively per day, against supposed needs of 2*7* 3 ‘4 and 
4*8 gm. For the three different groups the calcium intakes were 1*8, 
4-7 and 7-6 gm. day, a given level being maintained throughout 
pregnancy and lactation. The scrum calcium levels and the state of 
the bones appeared to show the inadequacy of the lowest calcium 
intake under these conditions whereas there was little to distinguish 
between the effects of the two higher levels, so that 5 gm. of calcium 
daily would seem to be sufficient. These animals were fed on con- 
centrates: estimates based upon corresponding intakes of grass- or 
legumc-hay show that there would be no doubt about the attainment 
of the necessary calcium input but that the phosphorus might not 
reach the higher levels mentioned above. Further studies of this kind 
are necessary. 
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recommendations of the relevant Committees on Animal Nutrition of 
the U S National Research Council (1958ft and 1958&) provide bases 
for comparisons 

For the normal growth of steers and heifers from 400 to 1,000 lb 
live weight, the suggested total dry-matter intakes range from 11 to 
22 lb per day correspondingly the calcium content of the feed should 
vary from 0 26 to o 13 per cent and the phosphorus from o 30 to 0 13 
On such bases the total daily intakes of both elements would be fairly 
steady at 13-14 gm By contrast average British grass would afford 
20 gm of calcium and 10 gm of phosphorus for the lightest beast m 
the range and 28 gm of calcium and 14 gm of phosphorus for the 
heaviest With leguminous feed the correspondmg pairs of intakes 
would be approximately 80 gm and 20 gm , and no and 3 ° g ni 
respectively On the whole, the impression is given of more than 
sufficient calcium with too little phosphorus As these are average 
figures quite clearly some animals might well receive much less phos- 
phorus 

Feeding trials with Hereford steers, beginning at eight months of 
age when the average weight was nearly 500 lb , were earned out with 
fixed phosphorus intakes of about 12 gm per day (U S Recommended 
levels) but with Ca/P ratios of r 4, 4 4, 9 1 and 13 7 for four different 
groups of animals The tests lasted 140 days and were repeated the 
following year Although no vitamin D was fed to them, the steers 
were exposed to good (Nebraska) sunshine and were fed on hay and 
concentrates together with necessary supplements of ground limestone 
to supply the desired higher levels of calcium intake The two higher 
Ca/P ratios were associated with distinctly smaller average daily 
weight gams than the two lower ones but there were no suggestions of 
significant changes m the calcium and phosphate levels of the blood 
(Dowc, Matsushima and Arthaud, 1957) Thus the insidious effects of 
high Ca/P ratios again seem to be confirmed British herbage may be 
unlikely often to produce Ca/P above 4, but there would seem to be 
the distinct possibility of both the absolute phosphorus intake and the 
vitamin D supply faffing below the levels encountered in this American 
work. 

More recent work with dairy heifers (Colovos, Keener and Davis, 
J95S) has confirmed the original findings of Mollgaard and Throbech 
(1941) that the addition of limestone to feeds may depress their digest- 
ibtht) In this instance a daily intake of approximately 40 gm of 
calaum led to such a general depression whereas one of 20 gm did not. 



Calcium and Phosphorus 

nor did the addition of i or 2 per cent of dicalcium phosphate to the 
feed. To quote from the original paper: * these results further indicate 
a need for additional work on the different effects of different levels of 
calcium and phosphorus on feed utilization/ 

We may turn now to an aspect of the problem first brought to light 
by Hignett and Hignett (1951) who examined the calcium and phos- 
phorus intakes of about 800 dairy cows, widely distributed over Britain, 
where there appeared to be a history of herd infertility and where specific 
disease could not be found. Artificial insemination was used for such 
animals and herd infertility was defined in terms of an arbitrary pro- 
portion of animals being returned for a second or subsequent service: 
the period of observation covered the six winter months. After an 
analysis of the data these workers concluded that, below a certain level 
of phosphorus intake, increasingly higher Ca/P ratios were associated 
with rising infertility; above that level of phosphorus intake there was 
diminishing infertility. Moreover, the level of phosphorus intake 
apparently necessary for the maintenance of a 1,000 lb. cow under 
British conditions was suggested to he not less than 21 gm. per day, an 
appreciably higher figure than the (U.S.A.) standard. 

To the present writer it seemed that one was dealing here with a case 
of three closely interrelated nutrients, namely calcium, phosphorus 
and vitamin D, and that, under British conditions, a relative lack of the 
vitamin might seem more likely than absolute deficiencies of phos- 
phorus (Abrams 19526). Subsequent rc-analysis of their data by 
Hignett and Hignett (1953) tended to support such a view, the fertility 
of the cattle showing little relationship to calcium/phosphorus 
intakes during October and November but responding definitely 
during Fcbruary-March, with December-January taking middle 
place. Tliis is to be expected if the vitamin D reserves of the cattle 
were becoming exhausted during the period of winter housing. 
Although this does not constitute positive proof, the sequence of events 
is in keeping with what is known about the rate of usage of reserves 
of vitamin D. 

Similar findings of Hignett with respect to much smaller groups of 
heifers have been questioned (Litdejohn and Lewis, 1960), though on 
the basis of an equally small experiment, but no one has yet repeated 
his extensive trial with older animals under comparable circumstances. 

It may be pertinent that Wallis (1938) said, concerning his vitamin 
D-defident cows; The breeding records are available for these animals 
for at least two lactations previous to die experiment. The regularity 
Coy 
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shown by these records stands out m smiting contrast to the fact that 
none of these cows showed cstrum during the period of vitamin U 
deficiency ’ Wallis was unwilling, however, to say whether the 
response was a direct or an indirect one 

THE RECOGNITION OF FIELD DEFICIENCIES OT CALCIUM, 
PHOSPHORUS AND VITAMIN D 

Clearly, calcium and phosphorus may be present m food in such 
small amounts that they are not sufficient for the end in view [absolute 
deficiency) or they may be unavailable to the organism, though present 
in the fodder because for example, insufficient vitamin D has been 
provided ( conditioned deficiency) In older studies the results of 
deficiencies stood out clearly m the form of dying animals, those with 
obviously deformed joints and those with disturbed blood levels of 
calcium and phosphate Deficiencies so marked are now largely 
avoided, leaving the more difficult problem of the insidious effects of 
prolonged but mild deficiencies to be faced 

THE EFFECTS OF A DIETARY Ca/P IMBALANCE 
Recent as well as older studies have shown some of the more 
interesting sequels of dietary Ca/P imbalances though in many 
instances the precise mechanisms mvolved are not known Thus the 
addition of limestone to the diet of mice can result in the appearance of 
anaemia in the experimental animals the general interrelationships of 
iron, calcium and phosphate have been discussed by Greig (i95 2 ) 
Certainly mice arc not ‘farm animals’ but the possibility that high 
dietary calcium m takes may lead to anaemia in brood sows apparently 
cannot be quite ruled out (Lucas, 1956) 

Furthermore, the presence of too much calcium in the ration of the 
diy-fed bacon yvg, can gwt rise to a form of skin disease, parakeratosis, 
irritating to the animal and usually accompanied by poor food con- 
version rates if the same food is given wet, die condition does not arise 
(Thomas and Eden, 1954) "When about 50 parts per million of zinc 
(e g as zinc carbonate) are added to it, the feed may then be given in 
dr} form without the appearance of parakeratosis Alternatively, a 
reduction of the calcium content of the feed, without the addition of 
zinc, also prevents or cures the condition To explain this state of 
affairs it has been suggested that too high a dietary calcium content 
leads to the production of too great amounts of insoluble calcium 
salts in the small intestine and that zinc may be retamed (‘adsorbed’) 
634 
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-with this insoluble material until it is excreted in the faeces; where 
there is a better supply of fluid, as in wet feeding, it is presumed that less 
zinc is lost from solution in this way (Lewis, Grummet and Hoekstra, 
1957). In theory, such a reaction might well involve other trace 
elements in the diet. 

In milk fever, which tends to occur at parturition in older cows, 
especially of certain breeds, it is possible that some dysfunction of the 
parathyroid glands occurs, as was first suggested by Dryerre and Greig 
(1925). On account of this dysfunction there is failure to mobilize the 
calcium reserves of the body at the beginning of lactation, with its call 
for 5 gm. each of calcium and phosphorus per gallon of milk. Com 
sequently, blood calcium levels fall and the animal suffers collapse. 
How the parathyroid glands are ‘put out of action* has never been 
properly explained, although it has been suggested that the provision 
and absorption of too much dietary calcium may lead to their atrophy. 
On this kind of basis attempts to stimulate the parathyroids to activity 
during the month or two preceding parturition have been made by 
feeding low calcium (ca. 10 gm./day), high phosphorus (ca. 100 gm./ 
day) diets (Boda and Cole, 1956). An apparent reduction in the 
incidence of milk fever has resulted. Reports in confirmation of these 
views have been obtained from European sources (Endcr, Dishington 
and Hclgcbostad, 1956). 

Duncan (1958) has reviewed the problem of calcium/phosphorus 
balance in ruminants, keeping closely to those terms of reference and 
not deviating, as the present writer thinks is necessary, to take into 
account the vitamin D, or carotenoid, status of the animals. It will 
suffice here to quote from her opening paragraph; ‘But when I began 
to study the material critically many gaps in fundamental knowledge 
appeared, and what seems a great discrepancy/ The discrepancy is 
between the results obtained by the two methods of determining 
calcium and phosphorus balances referred to in earlier paragraphs of 
this chapter. One of her conclusions is that further studies need to be 
made. 

Work with radio-isotopes has suggested that two tilings may be 
markedly influenced bv the Ca/P ratio of the feed of cattle. One of 
these is the size of the ‘metabolic pool* of calcium. Ir has already been 
indicated that the calcium of bone is not just an inert mass, and such 
work supports the view that with low-calcium diets some 60 per cent 
of the total calcium of the body can be regarded at mobile and inter- 
changeable, whereas with high-calcium intale it is only 3ft per cent, 
eoj 
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On the other hand the rate of tum-o\cr or mobilization, of the 
calcium, as distinct from the amount available, \ancs m the opposite 
way with low and high-calcium diets rcspcctis cly (Lmck, Boda and 
Kleiber, 1957) 


CONCLUSIONS 

If this chapter had been a comprehcnsis c account of calcium and 
phosphorus as they affect the grazing animal, it w ould ha\ c needed to be 
several hundred pages long Instead it is selective and represents the 
view of the writer, though not, it is hoped, a view that is inconsistent 
with the evidence 

Nothing is easier than to criticize the work of other people », 
however, the opinion is expressed (Abrams, 1952b) that many of the 
previous studies of calcium and phosphorus metabolism in grazing 
animals need to be repeated and very much extended, it is not to decry 
the work of able men, for their studies were made twenty, thirty or 
forty years ago Moreover, if it is now possible to comprehend the 
size of the task to be faced, much of our comprehension of the scope 
of the problem rests on their results even when they conflict one with 
another 

Many millions of pounds are invested in the British dairy industry 
which is important to the whole nanon, and yet if one were to be asked 
what is known with certainty Concerning the calcium and phosphorus 
metabolism of the dairy cow, it is only a slight exaggeration to say 
simply that a gallon of milk contains about 5 gm each of calcium and 
phosphorus The claim that the cow at the height of lactation is 
inevitably in negative calcium and phosphorus balance, absorbing less 
of these elements than she excretes regardless of dietary intake, is one 
which is widely held, it is one that the writer docs not feel justified by 
the nature of the evidence put forward 

Science, at the low political level of the grazing animal, is doubtless 
international in its scope and freedom climate and farming methods 
are not There is ample evidence to suggest that our problems differ 
materially from those of the USA just as they resemble in many ways 
those of Western Europe Moreover, m the past many of the experi- 
ments made to investigate mineral metabolism m farm anim als espec- 
ially cattle, have smacked of expediency, being tied too closely m scope, 
design and thought to contemporary modes of farming Rather than 
leading the farmer, they do not keep pace with the advances of which 
he is capable when he follows the precepts of other divisions of 
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Hypomagnesaemia 


catde, but in 1955 Blaxter and Sbarman demonstrated hypomagnes- 
aemia in milk-fed beef calves showing marked excitability and mus- 
cular convulsions under conditions when lead poisoning could be 
eliminated. 

In sheep, although low serum magnesium concentrations have been 
observed for many years, the condition is thought to be analogous 
to the seasonal hypomagnesaemia without clinical signs (vide infra) 
often seen in cattle. However, subsequently, several workers (Stewart, 
1954; Pook, 1955; and Penny and Arnold, 1955) have recorded the 
acute condition on either lull or lowland pastures or both. 

OCCURRENCE 

Hypomagnesaemia has been observed in most European countries, 
in New Zealand and also in parts of North America and Australia. It 
appears to be a disease associated with temperate climate since there is 
little reliable information with regard to its occurrence in tropical 
countries. According to Allcroft (1954) it is comparatively rare in 
Jersey cattle in the Channel Islands; this may result from the form of 
husbandry practised there. 

INCIDENCE 

Its incidence would appear to be on the increase, partly as a result 
of better facilities for diagnosis but, more important, as a consequence 
of the intensification of modem farming practice. Recent surveys 
(Withers, 1955, 1959; Grunsell and Paver, 1955) have suggested that 
w* VuCiutnce of V17 porr jagmvatnTiia in cattle m the United Kingdom 
amounts to almost 1-5 per 1,000 at risk, which is rather less than the 
1-2 per cent noted by Scckles (1958) in Holland. Although the overall 
incidence for the United Kingdom suggests a disease of no great 
national significance, it docs not necessarily give an accurate picture of 
its significance oil the individual farm where very high economic losses 
may be encountered on occasion, as a result of the high mortality rate. 

All breeds of cattle may be affected but the incidence, as assessed in a 
national survey of dairy herds, is five times higher in Ayrshire than in 
other breeds; in addition, die overall incidence is greater in Scotland 
than in England (Leech et a!., i960). Both Sjollcma (1932) and 
Blaxter and McGill (1936) have stressed the relationship between 
increase in susceptibility to hypomagnesaemia and age of die animal. 
Blaxter and McGill (1956) calculated that old cow s which had had more 
dun 6 calves were more than 14 tunes more likely to develop the 
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disease than w ere heifers in their first lactation. As a result of unproved 
methods of control of tuberculosis, contagious abortion and mastitis, 
the average age of the cattle population in this country has increased 
This increase in average age may be in part responsible for the apparent 
increase in the incidence of hypomagnesaemia in cattle 
The incidence of hypomagnesaemia in ewes, especially those trans- 
ferred from rough to improved pastures m the spring, also appears to 
be on the increase (Hughes, 1958 , Hughes and Kershaw, 1958) 
occurs most frequently between 1 and 4 weeks after lambing when the 
milk yield reaches its peak, sheep with twin lambs being more sus- 
ceptible 

It is important to note that, although only individual animals may 
show clinical signs, some degree of hypomagnesaemia may be present 
throughout the herd or flock, even though the animals therein may all 
be of about the same age Thus variation in individual susceptibility 
must be implied In addition to this, certain stress factors, such as 
oestrus, may be affecting only certain animals during the period of risk. 
Inglis, Weipers and Pearce (1959) noted that ewes with single lambs, 
twins and triplets showed progressively lower blood magnesium levels 
and certain sheep always tended to have serum magnesium concentra- 
tions higher than the flock average whilst cer tain others were consist- 
ently lower 

Outbreaks of the disease may be encountered at all times of the year, 
but it is usually accepted that such outbreaks are most likely to occur 
when dairy cattle arc first turned on to a spring or autumn flush of 
improved grass However, the disease is by no means confined to 
these periods and, in beef cattle in particular, cases have been reported 
which have occurred under both stall-fed and outwintered conditions 
diinnc the winter month* fAlIrrnfr. mnM 
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may exist between, the convulsive attacks during which time great 
care is necessary in handling these animals since unexpected noises or 
the prick of a needle may precipitate a fatal series of convulsions. In 
chronic form there is a gradual loss of condition but not always 
accompanied by a loss of appetite and decrease in milk yield. The 
condition may last for weeks and then may either resolve gradually or 
the acute phase may intervene, depending on circumstances. The 
chronic form of the disease was seen in Norway during the Second 
World War (Breirem et ah, 1954.); it was considered to be caused by a 
diet low in calories and deficient in magnesium. In the United 
Kingdom it may be seen in outwintered cattle where the plane of 
nutrition is low (Allcroft and Green, 1938). In such animals it is 
possible to find levels of serum magnesium concentration with minimal 
clinical involvement which in the acute form would cause their death. 
It would appear that the neuromuscular junction, at which site hypo- 
magnesaemia is thought to manifest itself, is able to adjust itself to a 
gradual fall in serum magnesium concentration without die production 
of hyperacsthesia. Only in the acute cases is the injection of a single 
dose of magnesium salts beneficial; in the chronic case, a temporary 
response is produced followed, about 24 hours later, by a return of the 
previous subnormal level. 

The chronic form can be transformed into the acute form through 
the operation of a number of so-called ‘trigger factors’, the more 
important of which arc oestrus and a sudden fall in environmental 
temperature coupled with exposure to bad weather. 

In milk-fed calves the development of hypomagncsaemia is gradual 
so that the degree of hypomagncsaemia acliicvcd is usually greater than 
in die adult acute form (Blaxter and Rook, 1954). In addition, the 
latent period, during which die conditions which predispose to hypo- 
magnesaemia arc present but clinical signs arc absent, is a matter of 
months. This is a result of the relatively large store of readily available 
magnesium in the skeleton of the calf. It is seldom seen in calves under 
6 weeks for two reasons: first, the presence of deplorable skeletal reserve 
of magnesium; second, in older calves the large in tesdne, ceases to be a 
site of magnesium absorption, so that dicrc occurs a progressive decrease 
with age in the ability of the calf to utilize dietary magnesium. This 
continues until the range of magnesium availability normally observed 
in adult catdc is reached (Smith, 1959). The animals which arc most 
prone arc those with a rapid rate of growth and thus a relatively 
greater demand for magnesium. The disease is virtually impossible 
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to diagnose with certainty at a post-mortem examination, though the 
finding of a raised calcium-to-magnesium ratio in bone from a calf 
may be accepted as diagnostic evidence 



Hypomagnesamia 

of prophylactic dietary magnesium supplementation either directly 
the animal or indirectly via the herbage after fertilizer application 
the pasture. Also, in a comprehensive series of grazing experimen 
Kemp et al (i960) demonstrated a significant positive correlation t 
tween the magnesium content of herbage and the serum magncsiu 
concentration of lactatmg cows. They showed that low seru 
magnesium levels did not occur when the herbage magnesium conte 
was higher than 0*20 per cent Mg, on a dry-matter basis. Howevt 
low serum magnesium concentrations were not invariably associati 
with the ingestion of herbage containing less than 0*20 per cent Mg. 

The paradox can be resolved only through the realization that the 
is no simple aetiology to the disease but that a combination of facto 
are involved, some of which involve the pasture, some the animal an 
some the overall management. Basically six variables are concerned 

(1) the size of the labile, or depletable, pool of magnesium witbi 
the animal, 

(2) the extent of obligatory excretion from the pool, 

(3) the efficacy of absorption, or availability, of the dietary magnt 
sium, 

(4) the magnesium composition of the feed, 

(5) the weight of feed consumed, 

(6) the demands of production (pregnancy, lactation and growth 
and of stress. 

Stress factors include oestrus, an increase in metabolic rate associate! 
with inclement weather, and so on. 

LABILE MAGNESIUM 

Until the advent of a suitable radio-isotope of magnesium, Mg 28 
the extent of the freely excliangcable magnesium in an animal wa: 
impossible to assess. With the aid of this isotope. Care (19606] 
showed that the 24-hour exchangeable magnesium of a sheep amountec 
to 60 mg. per kg. body weight. It included not only all the extracel- 
lular fluid magnesium but also some of the intracellular magnesium. 
However, this exchangeable intracellular magnesium was small 
relative to the weight of the total intracellular magnesium. In addi- 
tion, lie suggested that the reserve of labile or depletable magnesium 
was even smaller and only amounted ton mg. per kg. body weighr. 
These conclusions supported Cunninghams findings (19366 and c) 
that die bone and soft tissues from adult byponugnesacinic animals 
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hail virtually the same magnesium content as those from normal 
animals Blaxter and McGill (1956) confirmed that most °f 
magnesium in a normal adult animal was not readdy exchangeable, 
and Field (i960) demonstrated with Mg 28 that the fraction of bone 
magnesium in equilibrium with the magnesium of the body fluids 
after ten hours was only about 2 per cent 
Recent work by MacIntyre (i959) using Mg 28 has served to modify 
this concept somewhat He showed that the magnesium m many 
tissues could be exchanged in part for Mg 28 , although actual depletion 
of muscle magnesium took 9 weeks to produce m rats (MacIntyre and 
Davidsson, 1958) However the important point is that most of the 
magnesium of die adult body although exchangeable with varying 
degrees of rapidity, is not quickly dcpletable to a marked degree under 
conditions of sudden magnesium deficiency 

In the very young animal, on the other hand the skeletal reserves of 
magnesium are largely in an available state Blaxter and Sharman 
(t955) showed that calves fed a milk diet deficient in magnesium gradu- 
ally lost 60 per cent of their bone magnesium as the plasma magnesium 
concentration decreased It is thought that as bone becomes less 
vascular with advancing maturity so the bone magnesium becomes less 
labile 

OBLIGATORY EXCRETION OF MAGNESIUM 

It appears that the adult animal has litde reserve of magnesium 
readdy available to it in time of need but is dependent upon the main- 
tenance of a satisfactory level of dietary magnesium absorption to 
counter the obligatory excretion of magnesium, which takes place into 
the alimentary tract, and also to satisfy any requirement for production 
Urinary loss of magnesium may be disregarded under conditions of low 
magnesium intake when the plasma magnesium concentration falls 
below the rcnaT thrcshhold Urinary excretion is thought to represent 
the major route bj which excess absorbed magnesium is removed If 
the growth rate is zero and there arc no demands oflactation or gesta- 
tion, the endogenous faecal loss of magnesium represents the debit 
against which magnesium absorption must be credited Under 
"i? rm2 u con ‘k Qons A* c endogenous faecal magnesium excretion by 
sheep has been estimated with the aid of Mg 28 (Field, 1959 , MacDonald, 
Care and Nolan, 1959, Care, 1960b) and was found to be of the order 
o 2-5 mg per kilo hvc weight. It usually exceeded die corresponding 
urinary excretion. Howcser, litde evidence is awilable regarding 
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this endogenous excretion under hypomagnesaemic conditions. 
Assuming that it remains appreciably unchanged an adult sheep would 
have to absorb about 200 mg. magnesium daily to maintain this loss, 
irrespective of any production requirements. This represents a 
relatively large proportion of the labile magnesium reserve for sheep of 
this size (which would have a reserve of 600-700 mg. labile magnesium). 
When hay was fed to normal sheep the true availability of the dietary 
magnesium was found to be about 25 per cent measured with the aid 
of Mg 28 (Field, 1959; MacDonald et al. 9 1959). This means that the 
minimal dietary intake for such a nonproductive sheep under these 
conditions would be 800 mg. magnesium daily or, by analogy on a 
body-weight basis, a comparable cow would require about 8 gin. 
dietary magnesium each day. This confirms the findings of Car- 
berry, Chatterjee and Talapatra (1937) that magnesium intakes in oxen 
of about 9 gm. daily usually led to positive magnesium balances. 
When lactating, each gallon of milk produced will contain approxi- 
mately 0*6 gm. magnesium for which about 2*4 gm. dietary magnesium 
will be required, assuming the availability of the dietary magnesium to 
remain at 25 per cent. Thus, for maintenance and the production of 
three gallons of milk the daily requirement of magnesium at this per- 
centage availability amounts to 15*2 gm. magnesium. With this 
magnesium intake it should be possible, in theory, to maintain the 
plasma magnesium concentration at the level of the renal threshhold 
if the percentage availability of the magnesium does not fall below 
25 per cent. Since the dry-matter intake of such a cow could be taken 
to be 30 lb. daily, the critical dietary magnesium concentration on a 
dry-matter basis would be about o*ii gm. Mg per cent. Kemp et al. 
(i960) have demonstrated that low serum magnesium levels did not 
occur when the dietary magnesium concentration was higher than 
0*2 gm. Mg per cent on a dry-inatter basis. This suggests that either 
the percentage availability of magnesium under conditions associated 
with hypomagnesaemia falls to less than 25 per cent or the dry-matter 
intake falls. A fall in apparent availability and also in total magnesium 
was noted by Rook, Balch and Line (1958) and Rook and Balch (1958) 
when cows were transferred abrupdy from a winter ration to spring 
herbage; tliis dietary change was accompanied by a progressive develop- 
ment of hypomagnesaemia. Similar findings for availability have been 
obtained with sheep (Care and Ross, i960), but not by Field, McCallum 
and Butler (1938). 

It would thus scan advisable to aim for a herbage magnesium level 
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of 0 2 

nesacmia 


me Mg per cent as a prophylaxis against hypomag- 
and to regard any grass of inferior magnesium content \vitn 


suspicion 


THE AVAILABILITY OP DIETARY MAGNESIUM 

True availability is the percentage of ingested magnesium absorbed 

from the alimentary tract It is gn cn by (I - F + E) loo/I, V. here I is t c 

daily intake of magnesium, F is the total faecal output of magnenum 
and E is the endogenous faecal excretion of magnesium True 
availability can only be measured accurately by the use of a suitable 
isotopic tracer . , 

Apparent availability, or (l-F)ioo/I, is obtained by the orthodo 
balance techniques 

Since apparent availability docs not take into account the endogenous 
excretion of faecal magnesium it is possible that the fall m apparent 
availability associated with the sudden change from a dry ration to a 
lush pasture may be indicative of increased endogenous faecal excretion 
of magnesium or decreased absorption of magnesium or a com- 
bination of the two Apparent availability of magnesium vanes 
widely for different diets, even typical winter rations showing a range 
of 10-40 per cent (Rook and Balch, 1958) Moreover, it appears to be 
related to the magnesium concentration in the diet m such a way that 
the percentage availability nscs in a non-lmcar maimer as the magnesium 
concentration falls (Graham, Caesar and Burgen, i960) The 
mechanism by which the efficiency of magnesium absorption « 
regulated remains unknown, in fact, a full understanding of it would 
be likely to reveal the key to the solution of the problem of hyp°“ 
magnesaemia. The existence of marked individual variation m 
magnesium availability implies differences m the efficiency of utilization 
of dietary magnesium and may account to some extent for the different 
susceptibility to hypomagncsaemia often observed in members of the 
same flock or herd This must be taken mto account when recom- 
mending dietary allowances of magnesium 

The effect of the heavy fertilizer treatment of pasture with nitrogen 
and potassium on the incidence of hypomagnesaemia is well known 
{vide infra), but the extent to which this is due to the reduced magnesium 
intake or to the reduction in availability remains to be determined. It 
is possible that the mechanism which relates the percentage magnesium 
absorption to the magnesium intake may be affected by the pasture 
fertilizer treatment. This may occur m such a way that a decrease 
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rather than an increase in magnesium availability rakes place following 
a reduction in the dietary magnesium intake. 

Vitamin D does not appear to promote the absorption of magnesium 
from the alimentary tract of ruminants (Smith, 1958; Heatli and 
Allcroft, i960) as it does in the case of calcium. However, there does 
seem to be some interrelationship between calcium and magnesium 
absorption, and Alcock and MacIntyre (i960) have postulated the 
existence of a common transport mechanism for these two ions from 
the alimentary tract of rats. Thus, on a calcium-deficient diet magne- 
sium absorption is increased, and vice versa. These results can explain 
the increased requirement of calcined magnesite fertilizer in a limestone 
or chalk area to prevent the incidence of hypomagnesaemia. 

THE DIETARY INTAKE OF MAGNESIUM 

Since magnesium is an essential element for plants as well as for 
animals, data on the mineral composition of individual herbage and 
crop plants are plentiful in the literature. The average content of 
some cattle feeds is given in Table 24.1 (Blaxter and McGill, 1956); 
the range of individual variability is very high and these figures are 
meant to indicate trends rather than absolute values. 

From this table it can be seen that magnesium, unlike calcium, tends 
to accumulate in seeds, particularly oil-bearing seeds, and to be low in 
leaves, where calcium is usually high. Legumes and herbs are particu- 
larly rich in magnesium. It should be pointed out that there is a 
definite seasonal variation in the magnesium content of herbage with 
a minimum around April-June (Keith, 1954). 

Little work has been done to determine the forms in which magnes- 
ium exists in plants. It is possible that some may be bound in such a 
way as to be almost unavailable to die animal whereas the converse may 
also hold true. Thus, it is possible that pasture magnesium analysis 
alone may not present a true picture of the situation. In southern 
Germany and Switzerland, where pastures arc also heavily fertilized 
with nitrogen and potassium, hypomagnesaemia is almost unknown. 
This may be due to the high proportion of herbs often present in their 
swards. 

Animals turned on to lush spring grass obtain much less magnesium 
from a predominantly grass sward than they do later on, since the 
magnesium content of such grass is likely to be as low as o*ia per cent 
Mg. However, as mentioned previously, even tliis comparatively 
low magnesium content should be sufficient to supply the magnesium 
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TABLE 24 1 TJie magnesium content of some cattle foods 



Mg content 


on dry basis 

0 

Oil seeds and their products 

0 48 

Linseed cake 

Palm kernel cake 

0 37 

Proprietary concentrates 


Cereal grains at d cereal products 

0 09 

Whole oats 

Whole wheat 

0 13 

Whole maize 

O X2 

White ncc 

O 03 

Wheat bran j 

O 51 

Maize gluten feed 

0 02 

Wheat germ 

0 34 

An 1 tal products 

Dned blood 

0 02 

Dncd meat 

0 03 

Straws and hays 


Oat straw 

0 10 

Legume hays 

0 30-0 60 

Grass hays 

0 15-0 30 

Pasture grasses and l erbage 

0 69 

Clovers 

Grasses 

0 24 

Herbs 

07s 


requirements of a lactatmg cow assuming the dry-matter intake to be 
adequate and the availability of the magnesium, to remain undiminished 
These two provisions would seem to account for the disparity or 
opinion between those who consider there is no correlation between 
herbage magnesium, composition and hypomagnesaemia and those 
who believe such a correlation exists It was to account for any 
decrease in intake of dry matter and in magnesium availability that 
Kemp et al (i960) have advocated that o 2 per cent magnesium should 
be considered the minimum permissible level of herbage magnesium 
At a normal dry matter intake and magnesium availability this would 
provide a lactatmg cow with about 27 gm magnesium daily or about 
12 gm in excess of the theoretical requirement 
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Pasture magnesium composition may be profoundly altered by 
suitable fertilizer treatment. Also in a soil low in exchangeable 
magnesium, plant magnesium uptake is likely to be restricted. The 
presence of excessive amounts of potassium in a soil, particularly when 
accompanied by high nitrogen treatment, increases the potassium con- 
tent of grasses at the expense of divalent elements such as magnesium, 
the effect being greatest in grasses. In addition, the position is aggra- 
vated by the nitrogen used to produce an ‘ early bite’, since this pasture 
consists almost exclusively of the grass component of the sward and is 
low in magnesium. 

Heavy simultaneous fertilizer treatment with nitrogen and potassium 
increases the incidence of hypomagnesaemia. This has been well sub- 
stantiated (Bartlett et al., 1954; ’t Hart and Kemp, 1956; Smyth, 
Conway and "Walsh, 1958). Its effect is considered to he exerted by 
means of a combination of reduced magnesium intake and reduced 
availability of magnesium, although the way in which the availability 
is reduced remains unknown. In cases of wheat pasture poisoning in 
the United States the wheat pasture was shown to be low in magnesium 
and high in potassium and nitrogen (Fontenot et al, i960). Attention 
was focused by Head and Rook (1957) 011 the formation of ammonia 
in the rumen following the fermentation of protein and other nitro- 
genous compounds from the grass. They noted a tlireefold increase 
in tlie ammonia content of rumen liquor on changing the diet of cows 
from hay and concentrates to grass. This increase was accompanied 
by the appearance of small amounts of ammonia in the peripheral 
blood. They also found that when there was a hypomagnesaemic 
response to nitrogenous fertilizers, this was most severe in those 
animals having the highest levels of blood ammonia and urea. They 
concluded that the hypomagnesaemia and the concomitant fall in the 
urinary excretion of magnesium observed in animals turned on to 
spring pasture were due to a fall in the availability of the dietary 
magnesium associated with a high ruminal ammonia content. Magnes- 
ium is not usually absorbed from the rumen to any significant extent; 
the major absorptive site is thought to be the small intestine (Care and 
Hill, i960). It is possible that this fall in availability may be brought 
about by a decrease in the proportion of ultra-filtrablc, or ionic 
magnesium in the small intestine, a result of the high concentration of 
ammonia in the rumen. 

Dutch workers (Brouwer, 1952; Kemp and ’t Hart, 1957) favour a 
high herbage-potassium level as the prime cause of hypomagnesaemia 
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and Brouwer (1952) implicates an abnormal herbage amon-cauon 
balance in particular 

Kemp and ’t Hart (1957) observed that the herbage from pastures 
on which cases of hypomagncsacmia occurred was on the average 
higher in potassium (K), phosphorus and clilonne but lower ui 
calcium (Ca), sodium and magnesium (Mg) After a survey of the 
incidence of hypomagncsacmia in 15,000 milking cows they con- 
cluded that if the ratio of herbage K/(Ca+Mg) (all expressed in 
milliequivalents) is greater than I 5, eases of hypomagncsacmia wul 
occur and if it rises to 3 0, a 20 per cent incidence can be anticipated 
No significant correlation was found between the incidence of hyp°" 
magnesaemia and herbage concentrations of crude protein, phosphorus, 
chlonne and sulphur, and the effect of sodium was not clear It has 
been suggested that a relative sodium depletion might act as a con- 
tributory factor towards the onset of hypomagnesacmia There is 
some evidence that in sheep the mechanism may mvolvc the adrenal 
cortex (Care and Ross, i960) but in rats Ross (1961) has shown that the 
absorption of magnesium from the small intestine ui vitro is dependent 
m a linear fashion on the sodium concentration present On the other 
hand, when Kemp (1959) increased the sodium content of a highly 
fertilized spring pasture by top-dressing it with Chilean nitrate, he did 
not prevent hypomagnesaerma m cattle grazing that pasture Tins 
conflicting evidence serves to show the prevailing lack of knowledge 
of the factors which affect the absorption of magnesium Although 
the effect of potassium appears clearcut, the role played by sodium 
remains obscure 

Kemp and ’t Hart (1957) also found a significant correlation between 
the incidence of hypomagnesaemia and temperature They showed 
that the potassium content of herbage was markedly affected by tem- 
perature fluctuations in such a way that a rise in temperature increased 
the potassium level and a fall decreased it As pasture calcium and 
magnesium contents were not much affected, the overall effect of a 
rise in temperature was an increase m the ratio of K/(Ca+ Mg) m the 
pasture and thus an increase in the incidence of hypomagnesaemia 
Working with sheep, Inghs et al (1959) noted that the hypomag- 
nesaemia was associated with a rise in temperature in the spring 
accompanied by considerable rainfall — conditions for rapid growth 
of grass 

A factor which contributes to the greater incidence of hypomag- 
nesaemia observed when nitrogen and potassium fertilizers are used 
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together is the considerable pasture contamination with urine, high in 
potassium, which follows the intensive stocking made possible by the 
fast growth of grass. Pasture fertilization may also exert an indirect 
effect by changing the botanical composition of the sward, e.g. 
phosphate and potassium may increase the clovers which are reduced 
by the application of nitrogen. 

The decrease in the incidence of hypomagiiesacmia as spring fades 
into summer could be due to the interaction of three factors: first, the 
fall in nitrogen and potassium as die herbage matures; second, an 
increase in herbage magnesium; and third, a greater intake of dry 
matter and of magnesium, possibly as a result of a lower water content 
and increased palatability. 

Cow’s milk is relatively low in magnesium (approximately o*6 gm. 
per gallon). Calves older than six weeks are often unable to satisfy 
their magnesium requirement on a milk diet alone and their skeletal 
magnesium is mobilized to offset the dietary deficiency. It is thought 
that this is not a simple dietary deficiency but one which is to some 
extent conditioned by the simultaneous calcium ingestion (Allcroft, 
19606) ; the higher the calcium content of the milk, the lower the avail- 
ability of its already low content of magnesium. Jn addition, the 
large intestine ceases to be a site of magnesium absorption in older 
calves. 

DRY-MATTER INTAKE 

A mere reduction in the intake of dry matter could readily upset a 
precarious magnesium, equilibrium. Some fertilizer treatments affect 
pasture palatability and thus magnesium intake (Ender, Dishington 
and Helgebostad, 1957)* The sudden change in diet associated with 
the release from winter quarters may bring with it digestive upsets 
which may, in turn, reduce appetite and magnesium intake. On the 
other hand, scouring may accompany such a dietary change and cause 
an increased faecal loss of magnesium. Rook and Balch (1958) 
showed that the intake of magnesium by individual an ima ls varied 
from 9*j to 15 *2 gm. per day and was largely associated with differences 
in palatability and dry-matter content of the herbage offered. 

THE DEMANDS OP PRODUCTION AND STRESS 
If the availability of the dietary magnesium is 25 per cent and die 
magnesium concentration in cows’ milk is o-6 gm. per gallon, then an 
additional 2*4 gm. magnesium must be supplied for each gallon of 
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milk produced It is possible that for high-yielding cows this calcu- 
lation may not be valid since the availability of dietary magnesium 
may fall at the higher levels of magnesium intake (Graham, Caesar and 
Burgen, i960) Since the body of a calf contains only about 20 gm 
magnesium the magnesium demands of pregnancy are not very 
exacting However, in beef cows which arc still suckling large calves 
when more than half-way through pregnancy, the demands of 
pregnancy may be sufficient to lead to the onset of hypomagnesaenua 
The magnesium demands of growth by a rapidly growmg dairy heifer 
have been recalculated from Blaxtcr and MacGill (19 5 6) They vary 

from 2 8 gm per day at 150 lb live weight to 6 2 gm per day at 1,000 
lb live weight, assuming an availability of dietary magnesium of 25 per 
cent The onset of oestrus often serves as a precipitating factor under 
conditions when a marginal magnesium balance is to be expected 
The reason for this is unknown though it may take place as a result o 
an increase in physical activity and thus an increase m the metabolic 
demand for magnesium 

Cold, inclement weather is also thought to precipitate cases of 
liypomagncsacmia (Allcroft, 19474) Confirmatory evidence for this 
was obtained in New Zealand by Christian and Williams (196°) w “° 
found that hypomagnesaenua was mduccd in fasting sheep much more 
rapidly if, at the same time, they were exposed to cold and wet 
weather This phenomenon is probably caused by a rise in basal 
metabolic rate operated through the thyroid gland Such a rise was 
produced in cows by Swan and Jamieson (1956) by the use of thyro- 
protcin A fall in scrum magnesium concentration accompanied this 
thyroprotcin administration 


TREATMENT 

The utmost urgency is necessary not only because death can intervene 
% cry quickly but also because of the considerable bodily harm which 
the animal may suffer during a senes of convulsions Recumbent 
cases arc often treated with a combmcd solution which contains 
magnesium, calcium and phosphate. It is best administered mtra- 
\cnomly and may be followed by the injection of aqueous magnesium 
sulphate subcutaneously Drugs such as chlorpromazmc arc helpful 
in controlling the muscular spasms Pentobarbitone or chloral hydrate 
lias been used as a sedans c in order to minimize the effect of such 
extraneous disturbances as noise, since these may precipitate convul- 
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sions. The oral administration of calcined magnesite (magnesium 
oxide) at the rate of 2 oz. per day should be started immediately and 
continued for as long as the animal is likely to remain at risk. When 
it is possible, the affected animal should be housed and given dry food 
for at least a week after a period of hypomagnesacmia. 


PREVENTION 

As mentioned earlier, in order to maintain the plasma magnesium 
concentration at the level of the renal tlireshold for magnesium the 
rate of magnesium absorption from the alimentary tract must balance 
the rate of endogenous faecal magnesium excretion plus any require- 
ment for production. In a wether (male castrated sheep) of constant 
weight tins rate of excretion amounts to about 200 mg. a day. The 
period of risk might last a month so that the amount of magnesium 
which must be absorbed over that period is about 6 gm. This could be 
provided either by increasing the dietary magnesium in some way or 
by the implantation of a magnesium compound so that the vagaries of 
absorption from the alimentary tract could be avoided. Attractive 
though this latter solution would seem to be, it is impractical on 
account of the large size of the implant required, even if magnesium 
oxide were used. Moreover, there are serious difficulties associated 
with the manufacture of implants of such a composition chat they dis- 
solve slowly and are not sealed off from the body by a capsule of 
fibrous tissue (Care and Jones, i960). 

ORAL ADMINISTRATION OF MAGNESIUM COMPOUNDS 

The alternative to injection or implantation is some form of oral 
administration, since it is now well established that daily oral supple- 
ments of magnesium compounds can largely prevent the onset of 
hypomagnesaemia (Ender et a/., 1949; Allcroft, 1953; Bartlett et al. t 
1954)* Olivant, Manktelowand Hemingway (i960) have carried out 
trials on sheep using a rumenal bullet of a magnesium-rich ceramic. 
The preliminary results appear promising though difficulty has some- 
times been encountered during the introduction, of such a bullet. In 
Holland, Scckles and Boogaerdt (1956) have given daily doses of 50 
gm. magnesium oxide in palatable fodder cake from about 1 week 
before cows were turned out to pasture. The incidence of hypo- 
magnesaemia was reduced to about onc-quartcr of the level in untreated 
controls provided that the administration was done continuously 
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throughout the penod at risk Work in England (Allcroft, 1954. 
Line ct al , 1958) showed that a dally dose of 2 oz magnesium made 
given as a drench to milking cows turned suddenly from vnnt c r- st aU 
conditions on to a quickly growing, lush pasture, was an e e 
method of control They also showed that similar amounts wer 
effective, mixed with a small quantity of crushed oats and fed m troug 
to outwmtered dry dairy stock Under conditions conducive to 
hypomagnesacmia, they demonstrated that serum magnesium concen- 
trations fell to dangerously low levels within two days of cessation o 
oral magnesium supplementation, even though a high intake o 
magnesium had been given daily for several weeks previously 
illustrates the point already made that the adult ammal has no means o 
storing magnesium in a readily available form The daily ingestion, 
of 2 oz. of magnesium oxide did not cause an abnormal increase in 
scrum magnesium levels although Care (1960a) showed that 4-8 oz. 
could produce hypermagncsaemia in fattening bullocks 
Line ct al (1958) considered that if the average loss from hypo- 
magnesaemia was more than \\ per cent of the cattle at nsk it would be 
profitable to feed magnesium oxide daily in the cubed concentrates to 
all cows for a month, starting a few days before the commencement of 


grazing 

The level of dietary supplementanon with magnesium oxide for 
sheep is recommended at^~i oz. per head per day mixed with crushed 
oats and offered in troughs However, some sheep may eat consider- 
ably more than their share and may scour m consequence (Allcroft, 
1960a) Up to I oz. magnesium oxide per day has been fed to ewes 
during pregnancy and lactanon with no ill effect other than some 
scouring (Care, 1960c) 

Magnesium oxide is considered by many to be unpalatable to stock 
so that it has often to be fed as a paste with molasses, or as a magnesium- 
supplemented cattle cake It may also be sprinkled on silage just prior 
to feeding, or grass at the silo may be treated with magnesium sulphate 
(McDonald and Jackson, 1955) 

It is possible that the odd cases of hypomagnesacmia noted in animals 
of the same age and breed with access to magnesium supplements may 
be caused cither by some individual idiosyncrasy characterized by a 
v cry low capability for absorbing magnesium or by those animals not 
getting their fair share of the supplement. 

Although no adserse effects on condition, tr»1W yield, fertility and 
scrum calcium, magnesium and inorganic phosphate levels hav e been 
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noticed by Allcroft (1960(1) in Ayrshire cows after six months of a daily 
2 oz. oral supplement of magnesium oxide per head, higher levels, 
viz. 6 oz. have been shown to cause scouring and a slight decrease in 
plasma calcium concentration (Care, 1960a). This dose was fed for a 
few days only so that it is possible that this high level of supplementation 
might have had deleterious effects if continued for some time. 

The amount of supplementary magnesium oxide required by calves 
depends on the age of the animal and the available dietary magnesium 
but usually oz. magnesium oxide or -£-1 gm. magnesium carbonate 
should be given daily. This amount will also serve to restore a 
normal magnesium status in a hypomagnesaemic calf. Excess oral 
magnesium therapy may produce rickets in young stock, possibly as 
a result of the competition of calcium and magnesium for the same 
absorptive mechanism, as has been shown in rats by Alcock and 
MacIntyre (i960). 

FERTILIZER TREATMENT OF PASTURES WITH MAGNESIUM 
COMPOUNDS 

Because of die difficulties involved in the use of oral magnesium 
supplements under some conditions, a number of workers have been 
investigating the efficacy of magnesium fertilizer treatment as a means 
of increasing the magnesium content of the pasture. In New Zealand 
Cunningham (1936a) showed that the application of 8 cwt. of magne- 
sium sulphate per acre increased the magnesium content of the sward 
by about 18 per cent. He also employed magnesium limestone in 
amounts equivalent to 8 cwt. magnesium sulphate per acre but found 
that the effect was more delayed and less persistent than that obtained 
with die magnesium sulphate. Bartlett et al. (1954) used calcined 
magnesite (magnesium oxide) at the rate of 25 cwt. per acre to raise the 
pasture magnesium content by nearly 3 00 per cent. Moreover, the 
incidence of hypomagnesaemia was reduced and the effect on the 
herbage persisted for at least 2-3 years. Parr and Allcroft (1957) 
compared the effects of tons of magnesium limestone per acre with 

that of 10 cwt. of magnesium oxide per acre; they found the latter 
more effective in raising pasture magnesium concentration and in the 
prevention of hypomagnesaemia. They suggested that the simul- 
taneous application of calcium in the magnesium limestone antag- 
onizes die uptake of magnesium (Hunter, 1949). Although a level 
of magnesium oxide application of 10 cv, t. per acre is uneconomic 
if its beneficial cficcts arc only to last one year, this pasture, as treated 
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by Parr and Allcroft (1957) has given protection against hyponug- 
ncsacmia for the six subsequent grazing seasons, whilst hypomag- 
nesaenua occurred on the adjacent plot. The plot top-dressed witn 
magnesium limestone also gave protection against clinical cases ot 
hypomagnesaemn for six years, but each year there was a slight fall in 
serum magnesium levels during the first few days of grazing, follow c 
by a return to normal levels Trials arc at present in progress to 
investigate the long-lasting protccmc effects of magnesium oxide 
applied at about 5 cwt per aac under a wide variety of climates and 
soil conditions. It is thought that such treatment would be an 
economic method of control of hypomagncsacmia for some methods 
of husbandry (Allcroft, 1960a) 

It is difficult to devise sure methods of prevention of hyponug- 
ncsacima for beef herds on intensive grazing, for ewes with lambs and 
for suckling beef calves In these eases, the problem may be solv cd by 
top-dressing the pastures with powdered magnesium limestone or With 
magnesium oxide if the lime status of the soil is already high Per- 
haps the best method to limit hypomagncsacmia m suckling ewes is to 
allow access to a ‘run-back’ of unfertilized, permanent pasture since 
this docs not grow so rapidly as a reseeded, top-dressed pasture and is 
generally accepted to be less associated with hypomagncsacmia. 

Finally, the onset of hypomagncsacmia can often be prevented by 
feeding hay before turning the cattle out to grass each day, this is a 
more reliable method than setting up hay racks in the field where 
individual animals may decline to use them 
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CHAPTER TWENTY-FIVE 


Copper Deficiency and Molybdenum Excess 


RUTH ALLCROFT 

Introduction — Copper and molybdenum levels w animal tissues and nt plants — Copper 
deficiency tit sheep and cattle — Molybdenum toxicity — Aetiology of copper deficiency 
diagnosis and treatment — Copper poisoning — Conclusion 


The essential physiological role of copper was first demonstrated m 
1928 when the Wisconsin workers (Hart et al ) showed that it was 
necessary for the formation of haemoglobin in the rat During the 
next decade, its importance for animal health was indicated when 
investigators m various parts of the world showed that a deficiency of 
copper was associated with naturally occurring diseases of cattle and 
sheep The first reports by Neal, Becker and Shcaly (1931) suggested 
that ‘salt sick’, a wasting disease of cattle in parts of Florida, was 
related to a copper deficiency, but later work (Neal and Ahman, 1937) 
showed that it was due to a deficiency of both copper and cobalt 
Similarly, in 193 3 Sjollema reported that hkzucht, a licking and wasting 
disease affecting cattle, sheep and goats in some parts of the Netherlands, 
was due to a copper deficiency in herbage and animals, although it is 
now generally accepted by Dutch workers (Russell and Duncan, J 95 6 ) 
that Ukzucht is due primarily to a deficiency of cobalt 
The work of Bennetts and Chapman m 1937 was of primary 
importance They found that enzootic ataxia, a demyehnaong disease 
of lambs in Western Australia, was prevented by administration of 
copper to the ewes during pregnancy and that copper given to the 
lambs arrested the progress of the delayed’ type of the disease which 
sometimes occurs in lambs from 1 to 6 months of age This was 
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confirmed in South Australia by Marston ct ah (1938) and by later 
reports of the 'Western Australian workers (Bennetts and Beck, 1942) 
who related the condition to a copper deficiency in both animals and 
pasture. About the same time Bennetts and his colleagues reported 
another enzootic disorder of dairy cattle known locally as ‘sudden 
death’ or ‘falling disease’ which was shown to be caused by a defic- 
iency of copper in the pastures and in the animals. 

Since tins pioneering work, copper deficiency syndromes in sheep 
and cattle hjive been reported from many parts of the world. Later 
work has indicated, however, that these disorders are not all related to 
a simple deficiency of copper in the herbage. Depletion of copper 
stores can occur in stock on pastures containing apparently adequate 
and even high concentrations of copper and it is evident that factors 
other than a dietary deficiency of copper are concerned. Under these 
circumstances the condition is sometimes referred to as an ‘induced*, 
‘complicated* or ‘conditioned’ copper deficiency. Because of these 
complications it is necessary to discuss the metabolic relations between 
copper and other dietary constituents which affect storage and utiliza- 
tion of copper in the animal. Of these the most important so far 
known is molybdenum, since it has been shown that a reciprocal 
antagonism exists between copper and molybdenum in ruminant 
nutrition, but much is still unknown concerning copper metabolism 
in the ruminant; some of the complexities will become evident in 
subsequent sections. * 

In this chapter, it is proposed to discuss the occurrence, symptoms 
and aetiology of copper deficiency m sheep and cattle in Britain and to 
relate them to similar conditions in other countries. Before doing 
this it may be helpful to give some indication of the physiological role 
of copper and molybdenum and the concentrations found in animal 
tissues and herbage. 


COPPER LEVELS IN ANIMAL TISSUES AND PLANTS 

Its universal occurrence in biological material indicates the essential 
nature of copper in the nutrition of plants and animals even though its 
precise function is not yet known. It is assumed tliat like other trace 
elements, it acts as a catalyst in some enzyme systems. Recently 
Wainio, Wcndc and Shrimp (1958) confirmed the original suggestion 
of Kcilin and Hartrcc (1938) that cytochrome oxidase contains copper, 
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and Andersen and Tove (1958) W reported that copper has a dnect 
funenonm the synthests of haem Because of its presence m most oft 
nssues copper probably takes part m a diverse number of “ 
the body, thus accounting for the range of clinical and patho g 
manifestations of copper deficiency observed m the same or different 


V Copper has been found in all tissues of the body in varying concentra- 
tions but is present in greatest amounts in the hver, which is t e 
storage organ of the body and therefore hver values give a reasonably 
reliable index of the copper status of the animal 

Beck (1956) has determined hver copper concentrations for a wide 
range of animal species including mammals, birds, fish, reptiles an 
amphibia and has found that normal adults for most species have ver 
copper concentrations of 10-50 ppm dry matter (DM) A eW 
species have hver values outside this range and notable exceptions arc 
sheep and cattle whose normal range is much higher Values (ex- 
pressed as ppm dry matter) for normal sheep and cattle in New 
Zealand have been given by Cunningham (194b) adult cattle range 
from 23 to 409 with a mean of 200, adult sheep from 171 to J »374 
with a mean of about 500 for two-tooth wethers and 600 for aged 
ewes Data obtained at the Central Veterinary Laboratory, Wey- 
bndge, from many samples from different parts of the country over 
about 10 years show a similar range for cattle, but the range found for 
sheep is lower — about 30-800 with a mean in the region of 200 ppm. 
DM In most species, the newborn have a higher hver copper con- 
centration than normal adults but during the suckling period the con- 
centration falls (Underwood, 1956) Sheep are a notable exception to 
this Cunningham (1946) reported that both concentration of copper 
and total copper content of the hver of sheep increased with age hi 
cattle he found a decrease in copper concentration from newborn can 
to yearling stage and a subsequent rise in adult livers 

It is generally accepted that when hver copper concentrations fall 
below about 20 p p m in cattle of any age, deficiency symptoms are 
likely to occur Ewes with values below about 15 p p m during the 
last two months of pregnancy may have ataxic lambs, hver copper 
concentrations of ataxic lambs are usually below ioppm. When 
excessive amounts of copper are ingested, the hver can accumulate 
large amounts without harmful effects until a certain level is reached. 
Above this, which in sheep and cattle is about 1,000 ppm. and up- 
wards, copper may suddenly be liberated mto the blood stream 
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causing haemolysis, jaundice and usually death. This effect will be 
discussed in more detail in the section on copper toxicity. 

It is customary to use whole blood samples for estimation of copper 
since the distribution is about equal between cells and plasma in sheep 
and cattle (Eden and Green, 1939 ; Adams and Haag, 1957)- Although 
blood copper levels are not such a reliable index as liver copper con- 
centrations they provide a satisfactory indication and are adequate for 
field work provided samples are taken from a representative number 
of animals from the group under investigation. A single sample from 
an individual animal may be of little diagnostic value, especially in 
the case of sheep where the variation in individual members of a flock 
may be very wide — as much as tenfold — even when there is no history 
of ataxia in the lambs (Eden, 1941). 

The generally accepted normal range for blood copper values for 
sheep and cattle is about 70-170 pg./ioo ml. (0*07-0*17 mg./ioo ml.) 
but only a small proportion exceed 120 pg. and a common average 
value is 100 pg./ioo ml. (o*r mg./ioo ml.). When the majority of 
values for a flock or herd are below 70 pg./ioo ml. it is usually an indi- 
cation of a low copper status and clinical symptoms are likely to occur. 

In an investigation of blood copper levels in a wide range of verte- 
brate species, Beck (1956) found that among placental mammals, 
highest levels occurred in the pig (140 pg./ioo ml.), relatively low 
levels m the guinea-pig and rabbit (30-60 pg./ioo ml.) and the rat, 
sheep, cow and man showed intermediate levels (c. 100 pg./ioo ml.). 
The lowest values occurred in the domestic fowl and turkey (20-30 
pg./ioo ml.). 

Since copper deficiency symptoms can occur in stock on pastures con- 
taining high as well as low concentrations of copper, it is not possible 
to postulate a herbage content which will ensure a normal copper 
status in cattle or sheep eating ic. It is generally accepted, however, 
that the copper content of ‘normal' pastures ranges from about 7 to 
30 p.p.m. D.M. with common 'normal* values lying within the range 
of 8-20 p.p.m. and that deficiency disorders arc hkcly to occur when 
the concentration is less than 5 p.p.m. Beck (1951) reported that 
severe copper deficiency symptoms arc found in stock hi Western 
Australia on pastures containing less than 3 p.p.m. D.M., that P4S(U 
containing 3-6 p.p.m- arc marginal and that stock remain healthy on 
those with a copper content about 6 p.p.m. The copn cc content of 
various botanical species differs and the concentration orev. 1 

h«lu gc at aii)‘ ghc time tkpa.J on a nun,b„ of f* “ “ “ 
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the botanical co.npos.uon, stage of growth, the tutting and gtanng 
management and on the 'available' amounts of copper m the SOU 
It is therefore necessary to take samples at mtcrvals throughout tl 
year before an assessment can be made of the amount of copper any 
parucular pasture may supply to die grazing animal The prcsenc 
m some herbage of compounds which inhibit the storage of copper m 
ruminants means that its copper content may be of limited value in 
assessing the amount available to the animal and that in Britain at leas , 
it is not possible to predict the probable copper status of catuc an 
sheep by estimation of the copper content of the pastures they arc 


gracing , 

A study of the chemical forms in which copper is present in herbage 
and their availability to animals was studied by Mills He shovvc 
(i955) that grass contains a stable water-soluble copper complex wine 
has a greater effect than inorganic copper in restoring the haemoglobin 
and hair pigmentation of rats maintained on a copper-deficient diet 
His more recent work (1958) suggests the possibility that copper is 
absorbed directly in the form of an as yet unidentified complex or 
complexes 


MOLYBDENUM LEVELS IN ANIMAL TISSUES AND PLANTS 

During the last 25 years molybdenum has been shown to be one of 
the trace elements of agricultural importance For some time it has 
been known to be essential for the growth of the mtrogen-fbong sou 
organism Azotobactcr and for nitrogen fixation by the legume symbiote 
Rhizobitim sp The presence of minute amounts in a wide variety or 
plant and animal tissues was reported by Ter Mculcn (1932) and in 
1946 Anderson demonstrated a marked response of some pasture plants 
in Australia to very small applications of molybdenum Marked 
improvement m pasture and crop yields from the use of molybdate 
fertilizers has been reported m certain areas in New Zealand (Davies 
1952) but since too much molybdenum can produce harmful effects in 
stock the concentration of molybdenum in pastures is important 
It is generally accepted that a pasture molybdenum content of 1-3 
ppm DM is normal and on present evidence is not likely to cause 
disease in animals However Cunningham (i960) has shown that the 
harmful effects of molybdenum on cattle are related to the amount of 
copper as well as molybdenum present in the food if the copper 
content is low a moderate excess of molybdenum may be harmful, 
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but with a normal copper content, greater amounts of molybdenum 
must be present before toxic effects are produced. It has also been 
shown by Dick (1953) in Australia that molybdenum will not reduce 
liver copper storage in sheep unless sufficient inorganic sulphate is also 
present in the diet. These observations and the fact that molybdenum 
is an integral component of the enzyme xanthine oxidase (de Renzo et 
ai, 1953) indicate that it plays an essential role in animal metabolic pro- 
cesses. Underwood (1956) reports that vertebrate tissues are normally 
very low in molybdenum, mammalian muscle tissue usually containing 
0'05-o*io p.p.m. D.M. with similar or slightly higher concentrations 
in other tissues except the liver where values between 1 and 3 p.p.m. 
are common. Variable concentrations for liver, spleen and kidney 
cortex have been found for * normal* cattle and sheep in Great Britain 
varying from 1 to 10 p.p.m. but most commonly of the order of 
2-4 p.p.m. Even when high intakes of molybdenum were given for 
long periods (800 mg. daily to cattle for a period of 18 months and 
200-280 mg. daily to sheep for about 7 months), liver molybdenum 
values did not exceed about 140 p.p.m. and rapidly fell to normal levels 
when* molybdenum supplementation was stopped. 

Tissue molybdenum levels in sheep are not dependent only on 
molybdenum intakes. Dick (1956) has shown that tissue retention is 
influenced by the amount of inorganic sulphate in the diet. When this 
is high, molybdenum excretion is increased and tissue retention 
decreased. 


COPPER DEFICIENCY IN SHEEP 

A nervous disorder of new-born and young lambs characterized by 
inco-ordination of gait has been reported (Russell and Duncan, 1936) 
from many parts of the world. It is known under a variety of local 
names such as swayback, swingback, watfa , Gingin rickets, enzootic ataxia, 
lamkruis and renguerra, 

GREAT BRITAIN 

In Great Britain it was first described in 1932 by Stewart and sub- 
sequent investigations by Inncs and Shearer (1940) showed that its 
geographical distribution is widespread throughout England, Wales 
ami parts of Scotland. The incidence, however, is erratic and may 
vary considerably from year to year in the same districts and on the 
same farms. Before prophylactic measures were introduced, the 
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mortality in severely affected areas varied annually from I to 5 ° P« 
cent of the lambs Eaves of any breed or age may give birth to aoiac 
lambs but occurrence and incidence arc broadly related to leng 
sojourn on affected farms, although ewes may produce healthy ana 
affected lambs in successive years , , . 

The symptoms and pathology have been comprehensively desen 
by Innes and Shearer (1940) and may be summarized as follows in 
some cases lambs are severely affected at birth and m others symptoms 
are delayed and may develop as late as three months after birth e 
longer the period before onset of symptoms the milder is the disease 
The symptoms arc those of ataxia and vary in degree of seventy Ail 
cases show inco-ordmation of movements, severe cases are sometimes 
blind and arc unable to stand or walk, others may rise and walk with 
difficulty, whereas mild cases show only slight weakness of the hm 
quarters, particularly when made to move quickly 

Severely affected lambs usually die shordy after birth but mild cases, 
usually of the delayed type which show only slight non-progressive 
inco-ordmation, often survive, and when bred from later, may produce 
normal lambs Mothers of affected lambs remain apparently healthy 
and show no clinical symptoms 

The characteristic pathological pattern is still a matter of controversy 
Innes and Shearer (1940) described it as a diffuse symmetrical demyebna- 
tion of the cerebrum, varying in extent from small foci m the centrum 
ovale to gross demyehnation of the whole hemisphere with liquefaction 
and cavitation in extreme cases Secondary degeneration of the motor 
tracts in the cord is always present in affected lambs Evidence indi- 
cates that demyehnation occurs at a relatively late stage of gestation, 
perhaps within the last six weeks, 1 e after cerebral myelination has 
begun Romanes (1947) has shown that the first myelin appears in 
the forcbrain of the lamb at 96 days Amyelination rather than 
demycknauon has been suggested but evidence for this is still incom- 
plete 

Liver and blood copper values of affected lambs and their mothers 
arc low and the greatest incidence of the disease occurs in lambs from 
ewes with blood copper values between 10 and 60 pig /i 00 ml But 
low blood copper levels do not indicate that swayback will inevitably 
occur It has been shown (Eden, 1941) that there is frequently a wide 
variation in blood copper levels m individual members of flocks on 
farms with no history of swayback and this variation can be as wide as 
tenfold so that blood copper values of 10-100 pig / 100 ml may be 
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found in healthy flocks. An individual blood copper value, is, there- 
fore, of no diagnostic significance, but if the blood copper status of a 
flock of ewes is low during pregnancy, it is possible that swayback may 
occur. Although low blood and liver copper values have always been 
found in affected lambs and their mothers, equally low values have been 
found unassociated with demyelination or of clinical manifestations of 
swayback. At present both field and experimental evidence indicates 
that a low copper status alone does not necessarily produce the lesions 
of swayback: itseenis that demyelination is the result of other metabolic 
defects which operate only when the copper status of both ewe and 
lamb is low. 

Gallagher, Judah and Rees (1956(7, b) showed that in uncomplicated 
copper deficiency in rats, the major metabolic disturbances were loss of 
cytochrome oxidase activity and the suppression of phospholipid 
synthesis. They found that haem a was almost completely absent 
from copper-deficient tissues and suggested that tliis was the limiting 
component of the cytochrome oxidase system. Recently Howell 
and Davison (1959) reported a significant reduction in copper content 
and cytochrome oxidase activity in the brain of swayback lambs 
compared with normal lambs. 

Anaemia is not common either in affected lambs or their mothers 
and no other abnormality of the blood picture has been observed in 
ewes with a low copper status or in swayback lambs. Unthriftiness is 
not specifically associated with copper deficiency in sheep and the 
abnormalities of die fleece which Australian workers (Dennetts and 
Beck, 1942; Lee and Moulc, 1947; Marston, 1951) have shown to be 
the first symptom of copper deficiency in Merino sheep have not been 
reported in Britain. 

AUSTRALIA. 

The disease in Australia is more pre valent among lambs of 3-8 weeks 
of age dun among new-bom lambs and, although die brain lesions may 
not be as extensive as those reported in swayback Iambs in Britain by 
Ituics and Shearer (1940). Australian and English investigators are 
satisfied that the two diseases arc pathologically similar. 

Apart from important aoiological differences, there arc differences 
in symptoms attributed to copper deficiency in sheep in Australia, New 
Zealand and Britain. Bennetts and Beck (194a) reported due 
‘smngincsi/ of woo!. loss of condition and diarrhoea occurred in cv.cs 
in Western Australia during late pregnancy and lactation, and that a 
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severe concurrent anaemia m ewes near to partunnon could bt i cor- 
related with an acute form of ataxia in the lambs CQ , aa i 

supplementation prevented these symptoms and promoted oprnnal 
growth in lambs Non-brcedmg sheep were able to maintain no 
health even when blood copper levels were very low, anaemia 
only rarely found and ‘ stnnginess’ of the wool was the only c 
sign of copper deficiency observed , 

In the ‘coast disease’ area of southern Australia, Marston, cc 
McDonald (1948) studied the pattern of symptoms which develope w 
progressive, uncomplicated copper deficiency in sheep kept on a co 
and copper-deficient area by providing a cobalt supplement C Y 
reported that the first sign of copper deficiency is defective keratiniza 
tion of the wool , as the copper status is further reduced, a hypochromic 
anaemia and loss of weight occur, when the copper reserves o 
ewe are very severely depleted, dcmyeknation m the central nervous 
system of the lamb occurs 

The effects of copper deficiency on pigmentation and keratuuzation 
of the hair have been fully described by Marston (1950, 195 2 ) 311 

his colleagues have shown that abnormalities of the fleece of Merino 
and Mcruio cross-bred sheep, referred to as ‘stringy* or ‘steely 
arc a specific and early indication of copper deficiency Depending 
on the degree of deplchon, progressive loss of crimp occurs until in 
severely deficient animals, straight lustrous fibres entirely devoid or 
crimp arc produced In some areas, a weakness of the fibre has also 
been reported (Lee and Moulc, 1947) As soon as the copper status o 
the sheep is restored to normal a spectacular reappearance of the crimp 
and of the colour in black sheep occurs Lee (1956) has shown that 
this characteristic wool lesion is not confined to Menno sheep but also 
occurs in coppcr-dcficient Border Leicester, Romney Marsh, Lincoln 
and Dorset Horn ewes m South Australia It is of interest that this 
specific lesion has not been observed m British breeds m other countries 
where copper deficiency in ewes lias been confirmed, (Cunningham, 
1950, Green, 1951, Stewart, 1951) Some loss of pigmentation has, 
how escr, been noted b) Heath {1954) and by Allcroft and Lewis (1956b) 
in coppcr-ddiacnt Swaledalc ewes in which the fleece becomes harsh 
and bleached, although no other physiological symptoms of copp cr 
deficiency w etc obsen, cd in the cw cs or in their lambs This apparent 
absence of die specific wool lesion in coppcr-dcfiacnt sheep in Britain 
may be due to lacL of careful obsers auon and to die fact tlut most 
studies of copper deficiency in sheep in Britain ha\ e been made on 
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small mountain breeds which have long, straight, hair-like wool with 
little natural crimp. 

NEW ZEALAND 

Copper deficiency in sheep and lambs in New Zealand has been 
investigated and reported by Cunningham (1946 and 1930). The 
disease resembles that observed in Great Britain in so far as there are no 
wool lesions in breeds originating from Britain, anaemia and unthrifti- 
ness do not occur in adult sheep, and there is no retardation of growth 
in lambs not affected by ataxia. It differs in that (1) an acute osteo- 
porosis predisposing to fractures may occur in lambs as a result of a 
copper deficiency less pronounced than is necessary to cause ataxia; 
(2) symptoms of ataxia occur only in lambs between the ages of 3 weeks 
and 4. months, but they are similar to those described for milder cases 
of enzootic ataxia in Australia and swayback in Great Britain; acute 
cases associated with brain cavitation have not been observed. The 
occurrence of osteoporosis associated with copper deficiency in sheep 
has not been reported from other countries. 
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6 p p m DM (mem 2 l) compared with 37-231 PPI" ( mean Izz ~> 
foe healthy cows from sound areas 

Copper deficiency m cattle has since been reported from many parts 
of the world associated with a variety of clinical symptoms, but only 
in Florida has sudden death similar to that occurring in falling disease 
been reported (Davis, 1950) 

In 1944. Cunningham reported a disease affecting dairy cows on 
reclaimed swamps and peaty soils in New Zealand The condition, 
known locally as ‘ peat scours’ is characterized by severe debilitating 
diarrhoea during a flush growth of pasture, imthriftmess and marked 
reduction in milk and butterfat production Young stock are affected 
even more than adults, and yearlings may die if left on affected land 
Marked bone fragility occurs in calves from about the age of three 
months in some areas Similar symptoms occur in beef cattle, but loss 
of body condition during scouring is not as marked as in dairy cows 
Evidence establishing copper deficiency as the cause of the disease 
was reported (194.6) less than normal amounts of copper were found in 
the herbage and in blood and liver m stock raised on affected land, the 
condition could be prevented by administration of copper to the ani- 
mals or by top-dressing the pastures with copper Cunningham 
(1946) considered that a simple copper deficiency could not explain all 
the symptoms of the disease and suggested that it may be the result of a 
small excess of molybdenum in the herbage superimposed on a 
moderate deficiency of copper Later work by Cunningham (l95°) 
confirmed this view and demonstrated that an increased intake of 
molybdenum reduced liver copper storage m cattle, reduced growth 
rate in calves and produced a clinical picture of scouring and un- 
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of grasses and clovers were found, but in other areas where similar 
symptoms occurred in cattle, normal pasture molybdenum values were 
reported (Russell and Duncan, 1956). 

Disorders in cattle related to copper deficiency have been reported 
from Florida (Davis, 1950) and from Ireland (Walsh et al ., 1951-2). On 
pastures in the Everglades in Florida containing 2-4 p.p.m. Cu, 
emaciation, depigmentation and bone abnormalities have been 
observed in calves and young cattle and falling disease sometimes 
occurred in older cattle. Recovery occurred after treatment with 
copper and the disorder could be prevented by use of copper fertilizers. 
Kretschmer and Beardsley (1956) considered that the evidence so far 
obtained gave no clear indication whether molybdenum did or did 
not affect the copper status of animals in the Everglades. 

In Ireland the clinical condition is similar to that occurring in Britain, 
pasture copper values are within the normal range but molybdenum 
levels are usually high, ranging from 5 to 20 p.p.m. It is considered 
that the copper deficiency is induced by the high molybdenum content 
of the pastures (Neenan, Walsh, and O’Moore, 19 $6). 

It was not until 1946 that copper deficiency was suspected and con- 
firmed (Jamieson and Russell, 1946; Allcroft, 1946) in cattle in Great 
Britain although it had been known for eight years that swayback was 
associated with a low copper status of ewes and lambs. Since then, cop- 
per deficiency in catde of all breeds and ages from about three months 
upwards has been found in many different parts of the country. It is 
usually found in varying degrees of severity in cattle on ‘tcart’ (Lower 
Lias clay) and peaty areas but is by no means limited to these soil types. 
As stated previously, the condition generally occurs on pastures of 
normal copper content within the range of 7-25 p.p.m. D.M. but values 
below 5 p.p.m. have been observed. Barlow et al. (i960) found that 
about <52 per cent of 37 samples of ‘swayback’ herbage taken between 
May and August in Scotland, had a copper contcntoflcss than 5 p.p.m. 
D.M. Field (1957) reported the copper content of monthly herbage 
samples throughout a twelve-month period from fields on which 
copper deficiency in cattle occurred; lowest levels (4-4-7 *5 p.p.m.) 
were found in May and June when the grass was growing rapidly but 
mean values for the year ranged from 9*3 to 17*2 p.p.m. D.M. 

SYMPTOMS 

A variety of clinical manifestations have been ascribed to copper 
deficiency in the bovine, but none arc specific and there arc no character- 
6*3 
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istic lesions nothing resembling the neonatal demyeknation of lambs 
has been repotted in calves m Britain The chief effects are progressive 
loss of condition in adult cattle and unthnftiness and retardation of 
growth m calves and young stock, the coat becomes rough, dull, 
discoloured and frequently there is greying or loss of hair, especially 
around the eyes Diarrhoea is sometimes but not always present and 
concurrent anaemia is uncommon In beef herds the first symptoms 
may appear in calves at about three months of age, they often show a 
stilted gait, particularly of the hind limbs and in extreme cases there is 
pronounced emaciation and death may occur In some seasons the 
condition develops more rapidly and severely than m others (Jamieson 
and Allcroft, 1950) Affected calves often improve when housed or 
yarded during the winter, hut development usually remains sub- 
normal In dairy herds, loss of production in milking cows has been 
observed (Allcroft and Parker, 1949) but often the most severe symp- 
toms arc shown by yearling to first-calving animals Reports have 
been made associating infertility with copper deficiency in cattle, par- 
ticularly m heifers, but further evidence on this aspect is required 
Under some conditions cattle can have a low copper status without 
showing any clinical abnormality In beef herds, calves may show 
severe cluneal symptoms while their mothers show none It would 
appear that the copper requirements are greater for the young growing 
animal than for the adult and that stress due to poor husbandry may 
also ui crease requirements 
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in aid grass. It was demonstrated that the condition could be repro- 
duced in stalled animals by dosing with sodium molybdenum or by 
putting cattle on to any rapidly growing pasture dressed with a suffi- 
cient amount of molybdate to bring the molybdenum content up to 
‘teart’ levels. 

The disease occurs during the spring and autumn flush of grass. 
Milking cows and young stock are chiefly affected and severe persistent 
diarrhoea may commence within a few days of grazing affected 
pastures. Milk yield is depressed, the animals develop harsh, staring, 
discoloured coats, lose condition rapidly and will suffer permanent 
injury or death if left on the pasture too long. No inflammation or 
local damage in the alimentary tract of severely scouring ‘teart’ 
animals has been found (Muir, 1941). Recovery is rapid after transfer 
to non- teart pastures. 

Because of the similarity to a scouring disease in cattle on the Wierin- 
germeerpolder in Holland where administration of copper was found 
to he curative and preventive (Brouwer, 1938), Ferguson et ah (1943) 
tried the effect of copper, cobalt and iron salts. Copper sulphate was 
found to be effective and extensive field trials showed that drenching or 
feeding cows with 2 gm. copper sulphate and young stock with 1 gm. 
per head daily cured and prevented the disorder and maintained 
animals in good health throughout the ‘teart’ season. 

In a review of the literature Russell (1944) suggested that an abnormal 
intake of molybdenum might interfere with the utilization of copper 
and that therefore ‘teart* might be a ‘conditioned copper deficiency’. 
Later Dick and Bull (1945) reported that a high molybdenum intake 
reduced the storage of copper in the livers of cattle and sheep. Soon 
afterwards the association of molybdenum with ‘peat scours’ in cattle 
in New Zealand and its limiting effect on liver copper storage was 
demonstrated by Cunningham (1946 and 1950). Ferguson et al, did 
not investigate the copper status of animals in the ‘teart* area, but a 
scries of investigations started at the Central Veterinary Laboratory, 
Wcybridgc, in 1947 showed that cattle which had not had prophylactic 
copper supplements had low blood copper values of the order of zo-<So 
pg./ioo ml.; heifers of normal copper status sent to a * teart' farm com- 
menced scouring in one to csvo weeks and blood copper fell from 
normal ro low levels after two to three months. The scouring effect 
of high intakes of sodium molybdate to stalled and grazing animals 
was confirmed. Ad mini strati 0:1 of smaller amounts, insufficient to 
cause diarrhoea, showed that liver copper storage was significantly 
645 
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reduced when given over a long period Later Allcroft and Lewis 
{1956b) showed that scouring and loss of condition could be pro 
in stalled animals by continued intravenous or oral administration o 
molybdenum before liver copper values had fallen to deficient levc 
It appears, therefore, that scouring and loss of condition m cattle 
occur as a result of molybdenosis without a concomitant hypocupros 
If, however, a high intake of molybdenum is continued over sever 
months, liver copper storage will be reduced ultimately to deficiency 
levels when the scouring effect of molybdenum becomes more persis- 
tent and severe Scouring disorders similar to that on teart pasture 
have been reported in California and Nevada (Britton and Goss, 194 » 
Barshad, 1948, Dye and O’Harra, 1959). m Manitoba (Cunningham 
et a \ , 1953) and in Ireland (O’Donovan, 1949) should also c 
mentioned that aerial contamination of pastures by gaseous effluents 
containing molybdenum from certain industrial works, can produce 
symptoms similar to those found on natural teart pastures (Buxton an 
Allcroft, 1955 , Parker and Rose, 1955) Herbage molybdenum values 
as high as 126 ppm DM were found associated with diarrhoea, 
severe loss of condition and low blood copper levels in cattle Copper 
supplementation cured the disorder and prevented further occurrence 


THE AETIOLOGY OF COPPER DEFICIENCY 

The chief difference between copper-deficiency syndromes in sheep 
and cattle in Australia and in Great Britain, is that m the former region 
they are associated with pasture copper values which are regarded as 
deficient, whilst in the latter they occur on pastures containing appar- 
ently adequate or even high concentrations Under Western Austra- 
lian conditions Beck (1941) regarded pasture values of over 5 p p m aS 
supplying adequate copper for health although he pointed out that in 
some seasons other ‘factors’ appeared to influence the availability of 
copper in the plant to animals Marston (1952) considers that enzootic 
ataxia m Australia is a manifestation of extreme copper deficiency m 
the sheep arising from a dietary deficiency of copper 

In Britain, the occurrence of swayback has not been related to a low 
copper content of the pastures, values ranging from 7 to 20 p p m DM 
or more have been found for pastures on which the disease has occurred 
(Allcroft, 1952) This suggests that other factors are concerned which 
interfere with the metabolism of copper in the animal A high lead 
content of herbage was suggested as a contributory factor, but this was 
646 
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not substantiated. An increased incidence of the disease has been 
associated with heavy liming of pastures but no real evidence for this 
has yet been recorded. Workers in Australia and New Zealand (Dick 
and Bull, 1945 ; Cunningham, 1946, 1950; Dick, 1956) have shown that 
a high molybdenum intake can limit liver copper storage in sheep and 
cattle, but so far the evidence suggests no relationship between a high 
molybdenum content of pastures and incidence of swayback in Britain 
(Stewart, Farmer and Mitchell, 1946; Allcroft, 1952). Allcroft (1952) 
also showed that administration of relatively large doses of molyb- 
denum over a period of 15 months to stalled barren ewes did not pre- 
vent storage of considerable amounts of copper. However, Cunning- 
ham (1950) demonstrated a high molybdenum intake could reduce the 
liver copper of grazing ewes on a normal copper intake and reduce still 
more the copper transmitted to the foetal lamb, but he was unable to 
produce ataxia in lambs from ewes fed extra molybdenum for four 
years. Recently Mills and Fell (i960) have produced marked ataxia 
with degenerative changes and demyelination in the nervous tissue in 
lambs from ewes on grass cubes supplemented with sodium sulphate 
and ammonium molybdate to supply 10 gm. S 0 4 and 50 mg. Mo daily 
throughout pregnancy and the suckling period. The liver copper 
status of lambs and cwcs was low; ataxia was associated with values of 
less than 5 p.p.m. copper in the lamb liver. 

About this time the important work of Dick (1953ft and b) in 
Australia demonstrated the significance of the inorganic sulphate con- 
tent of the diet on the inhibiting effect of molybdenum on liver copper 
storage in stalled sheep. He showed that on a diet supplying an essen- 
tially normal intake of copper in the range 3-10 mg. per day and a low 
normal intake of molybdenum of about 0*5 mg. per day, when the 
sulphate intake is low (less than 0*5 gm. per day) an increase in the 
molybdenum intake from 1 to 100 mg. per day will have no effect oa 
cither blood or liver copper. But when the sulphate content of the diet 
is adequate and provides an intake of about 2 gm. per day or more, then 
as little as o*$ mg. molybdenum per day will significantly limit copper 
storage. This led him to suggest that some of the discrepancies in the 
report of workers in Australia and Great Britain might be due to 
tiic different intakes of inorganic sulphate by the animals under 
the condiuons recorded. 

Investigations to check this suggestion v, ere carried out on sheep and 
cattle by Allcroft and Lewis (1956a, b, 1957). No suitable diets could 
be found which would supply less than 0*5 gm. sulplute per day and 
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by Dick’s criteria all the feeding sniffs used contained ample sulphate 
to allow the molybdenum present to exert its full limiting c c 
Under these conditions it was found that increasing the inorganic 
sulphate 3-5 times had no significant effect on liver copper levels m 
pregnant ewes of low or normal copper status When the mo y 
denum intake was increased in varying amounts from 4 to 200 times 
the basal intake for periods of 5-15 months on diets of constant an 
ample sulphate content, the results indicated that the limiting effect o 
molybdenum was influenced by factors such as the copper content o 
the diet, the initial copper status of the ewes and by foetal requirements 
Observations on pregnant cattle showed that addition of molybdenum 
to the maternal diet caused a highly significant reduction m foetal hver 
storage, but addition of sulphate cither alone or with molybdenum di 
not produce a significant effect. Other experiments on non-pregnant 
cattle mam tamed on constant and adequate copper and sulphate m takes 
showed that high intakes of molybdenum over a period of 1-18 
months caused significant reductions m hver copper concentrations 
The different results produced by variations m animals and diets 
support Dick’s suggestion that previous discrepancies between We>- 
bndge and Australian reports could be accounted for by differences m 
the conditions under which the trials were earned out. 

Allcroft and Lewis (1957) found no significant difference m either 
copper or sulphate contents of pasture samples from farms in several 
areas where deficiency symptoms m cattle and sheep had and had not 
occurred In all cases, copper concentrations were within the ‘ normal 
range and the mo r game sulphate values showed that ample amounts 
were present to allow the molybdenum to exert its full limiting effect. 
This indicated that a difference in sulphate content was not a factor 
contributing to the occurrence or absence of copper deficiency m 
animals grazing these pastures But an excess of molybdenum was 
found in pastures in some areas where copper-deficiency disorders in 
cattle occurred, and w as regarded as at least a contributing factor in 
causation of the condition. However, since no significant difference 
was found m the molybdenum content of pastures on farms where 
swaybuck was not known to occur, and on those where it was enzootic, 
it was concluded that an excessive molybdenum content of the herbage 
could not be regarded as one of the chief factors causing swayback 
under naturally occurring conditions 

Cunningham’s report (i960) on ‘peat scours’ in New Zealand indi- 
cated that the pathological effect of molybdenum on cattle is determined 
648 



Copper Deficiency and Molybdenum Excess 

by the relative amounts of copper and molybdenum in die pastures. 
Thus, a moderate excess of molybdenum causes the disorder only if 
the pasture copper is below normal. For example, if die pastures con- 
tain about 10 p.p.m. copper, about 20 p.p.111. molybdenum must be 
present before toxic effects are produced; for lower levels of copper, 
the minimum harmful level of molybdenum is lower, so that when 
pasture copper is 3-5 p.p.m., molybdenum is harmful at levels of 3-7 
p.p.m. The relative amounts of copper and molybdenum in pastures 
from teart and many peat areas are in line with these findings but many 
pastures from other areas where severe copper deficiency in cattle has 
occurred have shown relatively high copper and low molybdenum 
values. In others, molybdenum was either within the normal range 
or a little above in samples from both healthy and affected areas so 
that the disorder in these cases could not be attributed to an excess of 
molybdenum. It seems therefore that die copper: molybdenum 
relationship reported as harmful by Cunningham (i960) does not hold 
for all areas of Britain. Indeed, the experimental and filed evidence 
so far obtained at Weybridge indicates that the copper, molybdenum 
and inorganic sulphate contents of the food are not the only factors 
concerned in the occurrence of copper deficiency in cattle and sheep in 
Britain. 

It is evident too, that the copper content of foodstuffs may be of little 
value in esumating a * normal * intake of copper for the animal. Under- 
wood (1956) has pointed out that a ‘true* or basic minimum copper 
requirement can be described as one in which all die dietary conditions 
affecting copper are at an optimum and that such an optimum cannot 
yet be given. Dick has suggested that crossbred stalled sheep can, 
under appropriate dietary conditions, be in copper balance on an intake 
of about 1 mg. per day or less, which is very much lower than had 
generally been believed possible. His data also indicated that the 
amount of copper required to replace normal wastage was less than 
3 nig. per day and he suggests that where more dian this is required by 
sheep to maintain dieir copper status, other factors are operating which 
either impose a limitation on copper assimilation and retention or 
increase the animal's requirements for copper. 

THE DIAGNOSIS AND TREATMENT OF COPPER DEFICIENCY 

From the above information it is apparent that it would be difficult 
to predict the probable copper status of animals from chemical examina- 
tion of samples of feeding studs or soils in Britain. 
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A suspected deficiency should be confirmed by differential diagnos 
and by chemical analysis of blood or liver to assess the copper sutus 
This is necessary because copper deficiency causes no clinical ao- 
uormality in adult sheep and no specific clinical or pathological cltcc 
m cattle In lambs, both pathological and chemical cxanunatioi 
should be earned out to establish a diagnosis for swayback as ° 
conditions may produce similar symptoms Low liver copper v u 
arc always found in affected lambs but tins fmdmg alone is not pr°° 
of swayback, liver copper values within the range found in swaybacK 
cases have been found m lambs showing no cluneal or pathologi 


signs of swayback. 

In both cattle and sheep it is necessary to take blood samples “ ottl 
representative number of animals in the herd or flock since v»i c 
variation in blood copper levels is frequently found among mdividu 
members This is especially so in the ease of sheep for which individi 
blood copper values are of little diagnostic value There is no definite 
correlation between low blood copper values in ewes and occurrence o 
swayback in their lambs If the copper status of a flock is low, all that 
can be said is that swayback may occur — there is no certainty that it 
m II occur 

Although the variation in blood copper levels among members of a 
herd of cattle is usually not as great as among members of a flock ol 
sheep it is preferable to take representative blood samples from various 
age groups especially from yearling to first calving stage for assessment 
of the copper status Copper deficiency is a herd problem and there- 
fore individual cases of unthnfoness are unlikely to be associated with it- 
Smee the liver is the main storage depot for copper hver copper figures 
give the most reliable mdex of the copper status of an animal and 
whenever possible they should be used for diagnostic purposes 

In spite of the fact that a low copper status of the ewe does not lead 
inevitably to swayback in the lamb there is ample proof that adminis- 
tration of copper to deficient ewes during pregnancy prevents the 
disease in lambs 
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intervals throughout pregnancy or two doses of 1*5 gm., one dose at 
about eight weeks and the second approximately four weeks before 
lambing, are effective in preventing the disease. The provision of 
mineral mixtures or salt licks containing copper are also effective 
provided all the ewes take enough to supply a protective but not harm- 
ful amount of copper. It is sometimes difficult to ensure this and in 
some instances copperized mineral mixtures have not given adequate 
protection, and in others have caused toxic effects because of excessive 
intakes by some individuals. 

Allcroft, Clegg and Uvarov (1959) showed that a subcutaneous 
injection of 45 mg. copper as copper glycine into ewes about mid- 
pregnancy was an effective method for prevention of swayback and 
more recently they demonstrated that 50 mg. of copper as a copper 
calcium ethylenediamine tetra-accdc acid complex is a more satis- 
factory preparation for tliis purpose (unpublished data). Prophy- 
lactic treatment with copper is necessary only during the gestation 
period and since no adverse effects have been attributed to copper 
deficiency in adult sheep in Britain, there would seem to be no reason 
to continue treatment beyond this period. It should be recognized 
that sheep are much more susceptible to cumulative copper poisoning 
than cattle, and can, under some circumstances store dangerous amounts 
of copper in their livers which may eventually cause toxic effects. For 
this reason the top-dressing of pastures with copper compounds is not 
a suitable method of control in Britain. 

In cattle, the margin of safety between prophylactic or therapeutic 
levels of copper and those likely to cause toxic effects, is greater. 
Even so, caution should be observed in giving copper supplements ; if 
copper deficiency is suspected veterinary advice should be sought. 

The effect of treatment of copper-deficient cattle of various ages 
and types has been observed under controlled conditions in this 
country and dramatic responses have been recorded (Allcroft and 
Parker, 1949; Jamieson and Allcroft, 1950; Field, 1957). Various 
methods of administration have been tried on different farms to get 
information on optimum dosage levels of copper and to find the most 
convenient and economical means of supplying adequate amounts 
under existing methods of husbandry. Copper lias effectively been 
given by mouth as a drench, in mineral mixtures, incorpo rated in 
dairy cakes, as a solution sprinkled on the concentrates and admin- 
istered parenterally by intravenous, intramuscular or subcutaneous 
routes. 
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Top-dressing pastures with s-io lb of copper sulphate per acre has 
not been found a satisfactory method of control m Bn tain "here 
deficiency is nearly always ‘conditioned’ or ‘induced’ In sueft 
pastures m which die copper content is already normal or even 
lugh, it has been found (Morgan and Clegg, 1958 Jamieson an 
Allcroft, 1951) that an increase in copper docs not always oc*- 111 ’ 
even after an application of as much as 10 lb per acre Ot ct 
objections to this method of control arc die need for ann 
application, die cost of labour, and in particular the risk of copper 
poisoning in stock grazing pastures contaminated with extraneous 
copper sulphate . 

Dosage rates of oral or parenteral copper compounds must depen 
on the degree of copper deficiency in the animal the route by which it 
is administered and the severity of the ‘conditioning’ factors in the 
foodstuffs which influence the absorption and retention of copper by 
the animal The method of administration used must also depend on 
the management and the type of herd involved — methods suitable for 
milking cows will probably not be suitable for beef animals at grass 
For example, 2 gm copper sulphate given by mouth daily was neces- 
sary to control diarrhoea m dairy cows on strongly ‘tcart’ pastures in 
Somerset (Ferguson, Lewis and Watson, 1943) , 300 mg Cu as a solu- 
tion of copper sulphate in normal saline given intravenously f° r 
experimental purposes was found equally effective for a period of six 
weeks under similar conditions (Allcroft, 1952) I11 general it is con- 

venient to give copper supplements by mouth to stalled or dairy cattle 
which can receive measured amounts at the required intervals F° r 
young stock at grass and store animals that arc not handled frequently 
and do not receive concentrate rations, the most satisfactory method of 
control is by subcutaneous injection of suitable copper preparations 
In New Zealand (Cunningham, 19S7 a, b), m Nevada and California 111 
the Umted States (Dye and O Harra, 1959) and in Britain (Allcroft and 
Uvarov, 1959), it has been demonstrated that injection of 120 mg cop- 
per as a copper glycine preparation repeated two or three times during 
ie year depending on local conditions, is a safe and convenient method 
f copper supplementation for beef cattle Recent investigations have 
ndicated that a suspension of copper calcium cthylencdianunc tetra- 
cenc acid complex produces greater absorption of copper into the liver 
ind less local reaction than copper glycine (Allcroft and Uvarov, 
onpublished data) Again however, it should be remembered that too 
much copper can have harmful effects 
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COPPER POISONING 

In recent years the use of copper compounds for agricultural and 
veterinary purposes has considerably increased. They are now widely 
used in this country in mineral supplements and as additives to feeding 
stuffs for farm stock as well as for prophylactic and therapeutic treat- 
ment. This has increased the risk of copper poisoning and indeed, 
reports indicate that chronic or cumulative copper poisoning has 
become more prevalent over the last few years. (‘ Cumulative’ is a 
more accurate term to apply to tins condition since the clinical effect 
of excessive accumulation of copper is terminally sudden, acute and 
usually fatal.) For this reason a discussion of die subject has been 
included. 

The continuous ingestion of small amounts of copper in excess of 
the quantity required for physiological equilibrium leads to accumula- 
tion of abnormal amounts in the tissues, especially in the liver which is 
the main storage depot. There is no unfavourable effect on the animal 
until certain high levels are reached, but after this point, a sudden 
liberation of copper into the blood stream may occur, resulting in 
extensive haemolysis, jaundice and death. Susceptibility to cumulative 
copper poisoning varies with the species and the individual, but of all 
farm stock, sheep seem to be the most susceptible. Bovines from 
six months of age and upward have a fairly high resistance (Cunning- 
ham, 1946) but young calves can readily store dangerous amounts of 
copper when small quantities are added to the food (Shand and Lewis, 
1957 )- 

Before Boughton and Hardy (1934) described chronic copper 
poisoning in sheep due to ingestion of excessive amounts of a copperized 
saltlick, the condition. had been reported only infrequently and incom- 
pletely. The most comprehensive investigation of this condition has 
been carried out by Australian workers (Albiston etal . , 1940; Bull, 1951 ; 
Bull et a/., 1956) in connection with the occurrence of chronic copper 
poisoning in grazing sheep in Australia. Bull (1951) has described its 
occurrence there under three different field conditions: (1) when the 
copper contents of soil and herbage are high, as on cupriferous soils, 
(a) when both these arc within the normal range and (3) in association 
with liver damage due to poisoning by the plant Heliatropium europaeum, 
abundant growth of which occurs in summer pastures on certain areas 
under favourable weather conditions. Under (1) the condition is 
associated with a straightforward high intake of copper due to the high 
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copper content of the pastures and by their contamination with cupri- 
ferous soil Some plant species in these areas have shown copper 
concentrations up to 50-60 ppm There is no seasonal incidence an 
deaths from chrome copper poisoning occur in every month of the 
year The condition under (2) is usually seasonal 111 occurrence, the 
incidence is much higher m British breeds or crosses than in Merinos, 
and is associated with a dominant pasture growth of subterranean 
clover {TrifoUum subtenaneum) which commonly contains 10-15 P P m 
copper, but very low levels of molybdenum, usually less than o 1 
p p m. The evidence suggests that the actual intake of copper, and 
the copper molybdenum ratio arc important factors in the develop- 
ment of the disease That other factors arc also mvolvcd is strongly 
supported by the pen-feeding experiments of Dick (1956) which have 
demonstrated the significance of the inorganic sulphate content of the 
diet The disease associated with the consumption of H europaeutn 
Le condition (3), has been shown (Bull et al , 1956) to be due essentially 
to the altered metabolism of the liver cell resulting in an atropine 
hepatosis Excessive storage of copper occurs — usually 1,000-2,000 
p p m or more and the hver damage predisposes sheep to the haemo- 
lytic crisis of chrome copper poisoning 

Bull (1951) has reported that there appears to be no malnutrition 
associated with any of these types and has characterized the condition 
as a more or less sudden haemoglobinacnua and hacmoglobinuna, 
usually with icterus, necrosis of the hver, kidney dysfunction and so- 
called uraemia are associated with the haemolytic crisis The hver 
copper concentration is usually higher than 1,000 ppm, but an 
abnormally high hver value cannot be taken as proof of copp er 
poisoning unless the other characteristic pathological effects are also 
present Under Australian field conditions the haemolytic crisis is 
commonly precipitated by a falling plane of nutrition, by fasting 
associated with movement or handling of stock or by further assimila- 
tion of copper, when the hver copper concentration is already high 
In Britain outbreaks of chrome copper poisoning in sheep, associated 
with grazing in orchards where horticultural copper sprays were used, 
have been reported by Fincham (1945) and Ogilvie (1954) Wey- 
bndge records show that its occurrence under these conditions is much 
more frequent than published reports indicate, and confirm Boughton 
and Hardy s 1934 observation that the fatal haemolytic crisis can occur 
some months after the sheep have been removed from the source of 
extraneous copper, the precipitating factors being a fallin g plane of 

654 



Copper Deficiency and Molybdenum Excess 

nutrition or other physiological stresses. Recent reports of other 
outbreaks have been connected with the feeding of coppcrizcd mineral 
supplements to sheep receiving a concentrate ration (Clegg, 1956 ; 
Pearson, 1956; Peggie, unpublished data). 

These eases fall under the first set of conditions described by Bull 
(1951) and because of the widespread use of mineral mixtures in this 
country, it is important to focus attention on them. A ease which 
falls under the second set of conditions, i.e. chronic copper poisoning 
associated with a ‘normal’ copper concentration of the food, occurred 
in a group of eight stalled sheep at Weybridge fed for about 3 years on 
hay and a concentrate mixture containing 12 p.p.m. copper, i*i p.p.m. 
molybdenum and 0*7 per cent inorganic sulphate — concentrations 
which arc regarded as normal for such a ration. The sheep were 
accidentally subjected to some sudden and unaccustomed exercise, 
within 24 hours of which there were two clinical cases of typical chronic 
copper poisoning with liver values of 1,000-3,000 p.p.m. On 
slaughter two other animals showed liver copper concentrations of 
about 1,000 p.p.m. 

In another group of six sheep maintained on a similar diet for 2*5 
years, liver copper values of 1,000-2,000 p.p.m. were found, but these 
sheep were not subjected to any nutritional or physical stress before 
slaughter and no copper-poisoning symptoms occurred. In both these 
cases the molybdenum content of the diet was within the ‘normal’ 
range and much higher than that of the pastures on which, chronic 
poisoning occurs in Australia (1949). The inorganic sulphate content 
was also high and according to Dick’s findings should have been ample 
to allow the molybdenum to exert its full limiting effect on liver 
copper storage. 

More recently deaths in sheep, from about four months of age 
onwards, have been associated with proprietary pelleted concentrate 
rations containing copper within the limits thought to be safe (Lewis 
and Allcroft, unpublished data). A revision of ideas on what constitutes 
a safe limit, particularly for sheep, is necessary. Until results of experi- 
mental work allow a more exact definition of the copper requirements 
of sheep under different dietary regimes, the potentially toxic effect 
of too high a concentration of copper in the food should be empha- 
sized. 

Cattle appear to be more resistant than sheep to repeated doses of 
copper sulphate. Cunningham (1952) observed no ill effects from 
feeding two growing calves, seven months old at the beginning of the 
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copper content of the pastures and by their contamination with cupri- 
ferous soil Some plant species in these areas have shown copper 
concentrations up to 50-60 ppm There is no seasonal incidence an 
deaths from chrome copper poisoning occur m every month of the 
year The condition under (2) is usually seasonal in occurrence, the 
incidence is much higher in British breeds or crosses than in Merinos, 
and is associated with a dominant pasture growth of subterranean 
clover [Tnfohum subterraneum) which commonly contains 10-15 P P 
copper, but very low levels of molybdenum, usually less than 0 1 
ppm The evidence suggests that the actual intake of copper, an 
the copper molybdenum ratio are important factors in the develop- 
ment of the disease That other factors are also mvolved is strongly 
supported by the pen-feeding experiments of Dick (1956) which have 
demonstrated the significance of the inorganic sulphate content of the 
diet The disease associated with the consumption of H europaetinu 
1 c condition (3), has been shown (Bull et a \ , 1956) to be due essentially 
to the altered metabolism of the liver cell resulting m an atrophic 
hepatosis Excessive storage of copper occurs — usually 1,000-2,000 
p p m or more and the liver damage predisposes sheep to the haemo- 
lytic crisis of chrome copper poisoning 

Bull (1951) has reported that there appears to be no malnutrition 
associated with any of these types and has characterized the condition 
as a more or less sudden hacmoglobinaemia and haemoglobinuria 
usually with icterus, necrosis of the liver, kidney dysfunction and so- 
called ‘ uraemia’ arc associated with the haemolytic crisis The liver 
copper concentration is usually higher than 1,000 ppm, but an 
abnormally high liver value cannot be taken as proof of copper 
poisoning unless the other characteristic pathological effects are also 
present Under Australian, field conditions the haemolytic crisis is 
commonly precipitated by a falling plane of nutrition, by fasting 
associated with movement or handling of stock, or by further assimila- 
tion of copper, when the liver copper concentration is already high. 

In Britain outbreaks of chrome copper poisoning in sheep, associated 
with grazing in orchards where horticultural copper sprays were used, 
have been reported by Fincham (1945) and Ogilvic (1954) Wey- 
bridge records show that its occurrence under these conditions is much 
more frequent than published reports indicate, and confirm Boughton 
and Hardy s 1934 observation that the fatal haemolytic crisis can occur 
some months after the sheep have been removed from the source of 
extraneous copper, the precipitating factors bang a falling phn c °* 
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experiment, and tivo adult tom, o 8-5 gm copper sulphate daily 
for nine months or longer Kidder (1949). liouccer, produced chronic 
copper poisoning and death in a steer after about four months on a 
daily drench of 5 gm copper sulphate More recent evidence m 
cates that copper poisoning in catdc, especially m >oung calves, occurs 
more frequendy than has hitherto been suspected Deaths in >oung 
calves approximately 2-4 months of age which were reared on c ° m ~ 
meraal milk substitutes to which small amounts of copper had been 
added to bring the total copper content to 60-100 p p m were attri- 
buted to excessive accumulation of copper (Shand and Lewis, J 957 J 
It is of interest that relatively small additions of copper to the food o 
the young calf can result in such a rapid and dangerous increase in liver 
copper during the period when normally there is a dccluic in liver 
copper concentration 

Acute copper poisoning is not common, but cases have been recorded 
as a result of accidental overdosage or access to sources of copper 
compounds The symptoms and lesions arc quite distinct from 
chrome or cumulative copper poisoning and blood and liver copper 
levels arc not always abnormally increased after single lethal doses 

CONCLUSION 

From this account of the copper-dcflacncy syndromes and also of 
copper poisoning, it will be evident that copper metabolism in sheep 
and cattle is a complex physiological function which is as yet incom- 
pletely understood Under some circumstances the occurrence of 
chrome copper poisoning in sheep is just as paradoxical as the develop- 
ment of copper deficiency This is illustrated by the occurrence of 
severe copper deficiency m cattle on a farm where pasture copper 
values range from 15 to 50 p p m. — a range similar to that m which 
copper poisoning occurs m sheep in Australia Swayback has occurred 
frequently on a farm with pasture containing copper, molybdenum 
and inorganic sulphate values in the region of 12 p p m., ippm. and 
o 7 gm per cent respectively, whereas chronic copper poisoning 
developed in stalled sheep on a diet supplying similar concentrations of 
these constituents (Allcroft and Lewis 1957) As yet our knowledge 
of the factors concerned is not sufficient to exp lain the existing com- 
plexities 
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CHAPTER TWENTY-SIX 


Cobalt Deficiency 

H J LEE 

Introduction — Distribution — Cobalt-deficient soils — Manifestation and incidence 
Requirements and function — Content of pastures and of liver — Diagnosis — Control 
Cobalt m other disease conditions 


For centuries, animal husbandmen in many parts of the world have 
been puzzled by a wasting malady that has complicated the care of their 
flocks and herds m certain restricted localities Their animals would 
gradually lose condition and eventually die if they were confined too 
long to the seemingly adequate pastures in these areas The descrip- 
tions of the wasting diseases that plagued these flocks and herds, ui 
several countries of the New World as well as the Old, had many 
points of similarity and it came to be recognized that a common cause 
was probably responsible for all of them All manner of reasons were 
put forward, from time to time, to explain these maladies in the light 
of current knowledge or superstition. In the more distant past 
legend had it that a mystical curse ( The Evil Spirit breathe death upon 
your catde ’ ) was responsible m some instances, in others, ‘a miasma 
from the sea* was considered to be the cause More prosaically, m 
comparanvely recent times, the condition has been attributed variously 
to the ingestion of toxic plants, to the ravages of parasitic infestanon 
to a lack of phosphorus in the herbage, or to an imbalance of major 
mineral nutrients These hypotheses have all been found to be 
untenable when subjected to critical investigation 
More than fifty ) ears ago at the turn of the century, the lack of an 
essential nutrient in the soil of the affected localities came to be sus- 
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peered in New Zealand and tills led, eventually, to the earliest successful 
therapeutic treatment. There, a logical attempt was made to alleviate, 
by means of iron preparations, the profound anaemia that commonly 
developed in animals seriously affected by Bush Sickness. Massive 
doses of commercial iron salts, or of iron-rich compounds from certain 
naturally occurring ore deposits, were found to exert a decidedly 
beneficial influence on the general condition of the animals as well as 
on the accompanying anaemia. In accord with these observations a 
theory was advanced that this manifest improvement was due to the 
correction of an iron deficiency (see Aston, 1924). Further investiga- 
tion in Western Australia, however, revealed that chemically pure iron 
compounds were of no therapeutic value, even when given in large 
amounts, and that the virtue of the effective compounds lay solely in 
the impurities they contained (Filmer and Underwood, 1934). 

Nevertheless, the mystery that for so long attached to this wide- 
spread group of wasting diseases was not finally dispelled until the 
solution was provided to one of these maladies in South Australia. 
There, sheep that were confined for more than a few months to certain 
coastal tracts invariably lost condition progressively and ultimately 
died of Coast Disease. Intensive investigation proved this disease to 
he due primarily to a relative lack of cobalt in the grasses that flourished 
in those regions (Lines, 1935; Marston, 1935) complicated by a 
secondary lack of copper. Coast Disease could be completely pre- 
vented or overcome by providing the animals with an adequate 
supplement of cobalt and copper, but not with copper alone. This 
was the first demonstration that cobalt played an essential role in any 
normal physiological process. 

Shortly after this discovery was announced, the active impurity 
responsible for the efficacy of the curative iron compounds was shown, 
in. fact, to be cobalt. The recognition that many of the related wasting 
diseases in other parts of the world were also due to cobalt deficiency 
soon followed. Means of correcting cobalt deficiency in practice 
were devised and these have been subjected to modification and 
improvement ever since. As a consequence, an extensive literature 
has been built up over the past two decades which covers the descrip- 
tion of cobalt deficiency as it occurs in a wide range of circumstances, 
the corrective measures adopted to meet these circumstances and, 
ultimately, die explanation of the primary function of cobalt in 
ruminant nutrition. This literature has been reviewed by several 
authors so reference is made in this chapter to relatively few 
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publications, m particular to some that have appeared since the relevant 
reviews were written. , _\ 

Of the more recent reviews the reader is referred to Beeson \ 95 ; 
for a survey that deals, particularly, with the relationship of the con- 
centration of cobalt in the soil and in pasture plants to the grazing 
animal; to Marston (1952) for a comprehensive consideration o 
aspects of the physiology of cobalt; to Hopkirk and Patterson (I954J 
for some early historical references, together with an account o 
‘iron starvation theory’; to Young (1956) for a review of some o t c 
geochemical, analytical and biochemical aspects of cobalt nutrition, 
and to Underwood (1956) for a general survey of this field. 


DISTRIBUTION 

In Australia, the occurrence of Coast Disease (a dual deficiency of 
cobalt and copper) in sheep and, to a lesser extent, in cattle is rcstnctc 
to the areas adjacent to the southern seaboard in Western Australia, 
South Australia, Victoria and Tasmania. Enzootic Marasmus or 
Denmark Disease in cattle m Western Australia is also due to cob j 
deficiency, and a seemingly idenneal condition m sheep in central 
Queensland responds to cobalt therapy. . 

Bush Sickness in sheep and cattle m New Zealand occurs in several 
localities in both the North Island and South Island; in the South 
Island a similar condition is also referred to as Mortons Mains Disease. 

Cobalt deficiency is widespread in the British Isles where sheep, 
particularly, have suffered. It has been recognized in the islands o 
the Hebrides and the Orkneys and has proved to be the cause o 
‘Daising’ or ‘ Vinquish’ in Ayrshire and of ‘Pine’ in several other 
counties in the north and west of Scotland. Border Pme and 
Northumbrian Pme occur in the Cheviot Hills on the Scottish border 
but most of the cobalt-deficient areas in England arc in the south- 
western counties. There Pining occurs in Herefordshire, Worcester- 
shire, Cornwall and Devon; in Devon, the ‘Moor Cling* of Dartmoor 
is also due to cobalt deficiency. In Wales, Eire (‘ Summer Pine id 
sheep and ‘Galra Thrua’ m cattle) and in Northern Ireland cobalt 
deficiency has been identified in several counties. 

Both lambs and calves have suffered from cobalt deficiency U 1 
Norway (‘Dry Sickness*, ‘Drought Disease’) especially in the coastal 
regions; and die deficiency syndrome has been recognized in catde in 
Denmark, Sweden (‘ Mossjuka’, ‘Moor Disease’), Estoma, Latvia (‘Bog 
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Disease*) and possibly in Finland. The same condition has been 
reported in sheep in Poland, in sheep and cattle in the U.S.S.R., and 
iix calves in Germany, Austria, Holland and Spain (‘Sequeira’ or ‘Dry 
Sickness*). Certain districts in Greece and Turkey are also suspect and 
‘No Eating Disease* (‘Kuwazu’) in Japanese cattle may well be due to 
cobalt deficiency. 

On the Atlantic coast of North America, the disabilities imposed by 
cobalt deficiency have been widely recognized, particularly in cattle, 
in the Canadian province of Nova Scotia and in New Hampshire 
(‘Burton Ail’), Massachusetts (‘Neck Ail’), New Jersey, Delaware, 
Virginia, North and South Carolina and Florida (‘Salt Sickness') in 
the United States. The deficiency probably exists also in the northern 
part of New York State and in states as far apart as Oregon in the west 
and Arkansas and Louisiana in the south. In the vicinity of the Great 
Lakes, the same condition has been identified in Michigan and Wiscon- 
sin and possibly, in Illinois (‘Lake Shore Disease’, ‘Grand Traverse 
Disease*); and in Ontario, Canada. In western Canada, sheep have 
also been affected in Alberta and possibly in Saskatchewan. 

An identical disease has been reported to cause mortality in cattle in 
the Brazilian State of Sao Paulo, where it is referred to by a number of 
descriptive names (‘Dry Disease’, ‘Sand Sickness*, etc.). 

In Africa, both sheep and cattle may suffer from cobalt deficiency 
in Kenya (‘Nakuruitis’) and in the coastal region of western Cape 
Province, while cobalt supplements are recommended for grazing 
stock in the Congo, also. 

It is highly probable that cobalt deficiency adversely affects the health 
of ruminants in many other areas that have yet to be recognized. 

In several countries maps have been prepared which indicate the 
distribution of the cobalt-deficient areas. This has been done in 
Scotland (Stewart, Mitchell, Stewart and Young, 1946), part of south- 
western England (Osborne, Featherstone and Herdan, 1954), Denmark 
(Schambyc and Jacobsen, 1955), the United States of America (Beeson, 
1945; Thacker and Beeson, 1958), South Australia (Lee, 295 1), 
Western Australia (Harvey, 1937; Bennetts, 1955), Tasmania (Green, 
1956) and New Zealand (Andrews, 1956). 

COBALT-DEFICIENT SOILS 

Cobalt deficiency in ruminants has been associated with a diversity 
of soil types. Highly calcareous shell sands have proved to be deficient 
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in the extreme, while the soils that have formed as a result of the con- 
solidation and weathering of such parent material are also deficient, 
though less profoundly These derived soils range from leache 
siliceous sand, on the one hand, to heavy black clay (rendzina) out e 
other Granites and other igneous intrusions, as well as volcanic lava 
and pumice showers, have commonly given nse to deficient soils 
Cobalt deficiency has also occurred on such widely different sous as 
forest loam, peat and those derived from sandstone and glacial loess 
It is clear that any soil from which insufficient cobalt may t> e 
absorbed by the fodder plants to satisfy the requirements of the grazing 
ammal must be classed as cobalt deficient This state is determined m 
the first place by the cobalt content of the parent material, later by the 
modification that this material has undergone during the process or soi 
formation (which may mvolvc the concentration, the dilution or the 
removal of cobalt) , and, finally, by the availability to the growing 
plant of the form in which the cobalt occurs m the soil The availa- 
bility depends upon climatic and other factors that are not completely 
understood and, in some soils, may vary markedly from season to 
season, there can be no close correlation, therefore, between the total 
amount of cobalt in the soil and the appearance of cobalt-deficiency 
symptoms m grazing stock. As a guide, however, a level of approxi- 
mately 5 p p m. cobalt m the soil may represent the limit below which 
the malady can be expected to occur in most seasons 
A closer correlation has been claimed to exist between the condition 
of the animals and the amount of cobalt that may be extracted from 
the soil by 2 5 per cent acetic acid According to this claim, soils from 
which less than o 25 p p m cobalt may be extracted by this means are 
likely to be associated with cobalt deficiency in sheep and cattle 


MANIFESTATION AND INCIDENCE 

Cobalt deficiency is essentially a progressive wasting disease which, 
m its extreme form, invariably proves fatal Only ruminants are 
affected, consequently, the disease has been observed most commonly 
in sheep and cattle and, less frequently, in goats The deficiency 
syndrome is similar in sheep and cattle although sheep are, generally, 
the more readily affected Lambs and calves are more susceptible than 
the mature animals and it is by no means unusual to encounter a fatal 
deficiency in the young while their dams appear to be in full thrift* 
The appetite of sheep confined to grossly deficient pastures finis 
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progressively. The animals become increasingly weak and lethargic 
as they gradually lose weight. Wool growth is seriously impaired ; the 
fleece becomes tender and appears dull and lifeless. A profound 
anaemia becomes apparent in the blanched mucous membranes of the 
eyelids, muzzle and mouth. The eyes are dull and rheumy and the 
wool on the face is matted by an excessive exudation of tears; the ears 
droop and the deficient sheep presents a picture of bleary-eyed dejec- 
tion; in the terminal stages the pale, parchment-like skin becomes 
extremely fragile before the animal dies in an emaciated state. 

The appearance at post-mortem of the carcass of a sheep that has died 
of cobalt deficiency does not differ markedly from that of one which 
has succumbed to prolonged semi-starvation; there is a complete 
absence of fat, extensive oedema is a usual feature and fragility of the 
bones is common. There are no gross changes incompatible with a 
picture of general malnutrition. 

When a profound deficiency of this nature prevails, adult cattle also 
lose weight steadily. Their hair coats become rough and unkempt, 
anaemia develops and a capricious pica is frequently associated with 
progressive inappctencc. The cows' milk production fails so the 
calves starve and, if the deficiency is not relieved, the cows themselves 
will die. 

The severity of the manifestations encountered, as well as the course 
of the disease, arc governed by the degree of the deficiency. On 
pastures where a deficiency less profound than that described in the 
preceding paragraphs consistently prevails, mature sheep and cattle arc 
seldom affected seriously and mortality is rare in this age group. 
Their progeny, nevertheless, either fail to grow normally — sometimes 
without showing specific signs — or they waste and die. Under these 
circumstances anaemia is not a constant feature of the malady. 

In certain deficient localities, the incidence of the disease from year 
to y car is unpredictable and highly erratic. Under these circumstances, 
die manifestations of deficiency that do show in the flock or herd arc 
extremely variable. The experience with a Romney Marsh flock that 
was maintained under experimental conditions on. inripicntly cobalt- 
deficient terrain in South Australia during fourteen consecutive years 
may be quoted as an example. Half of these ewes, their replacements, 
and tltcir progeny were dosed regularly with cobalt and remained 
healthy throughout this considerable period. These sheep provided 
a unking contrast for the behaviour of the comparable ewes and Limbs 
w Inch received no cobalt supplements. In four of these fourteen 
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years, the untreated lambs suffered mortalities that ranged from 3° P^ r 
cent to ioo per cent of the total lamb crop. In two other season* t e 
lambs from the untreated ewes were markedly unthrifty , they shovve 
many of the signs of cobalt deficiency but none of them died. T c 
growth rate of the lambs was retarded shghtly but significantly during 
three further years, these lambs appeared healthy and the mild degree 
of deficiency was clinically detectable only by comparison with the 
heavier, better-grown lambs that were dosed with cobalt During 
the remaining five years, there was no detectable difference between the 
treated and the untreated lambs The sequence of the years in whic 
these different degrees of deficiency were observed was completely 
random The untreated ewes suffered during only one of these 
fourteen years at a time when, for the second successive year, their 
lambs were grossly affected, then the ewes lost weight steadily an 
several of them died of the typical cobalt-defiaency syndrome 
The untoward signs of cobalt deficiency arc closely bound up ' vlt 
the progressive loss of appetite that supervenes when the amount o 
cobalt ingested is insufficient to provide the animal’s requirement 
There is no loss of ability to digest normally the food that is consumed 
A record of the food intake of a sheep restricted to a cobalt-dcficicnt 
diet reveals a close parallel between the amount consumed and the body 
weight of the animal As the intake decreases so does the weigh 1 
decline but, when an adequate supplement of cobalt is provided f° r 
the deficient animal, appetite recovers sharply and a general impr° ve ' 
ment in the condition of the animal is soon apparent Anaemia, when 
this is present, responds more slowly 
Cobalt-deficient animals in any but the last stages of the malady may 
be restored to normal health by adequate cobalt therapy 
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pastures. The upper limit of this range undoubtedly provides a con- 
siderable margin of safety, for a pasture that supports healthy sheep will 
maintain cattle equally well. It is probable, therefore, that approxi- 
mately 3-4 mg. each day are sufficient for catde. 

For some years after the importance of cobalt in ruminant nutrition 
was clearly established, its precise function within the paunch remained 
a mystery. In 1948 it was discovered that the newly isolated anti- 
pernicious anaemia factor, vitamin B 12> contained about 4 per cent of 
cobalt as an integral constituent of this crystalline product and, as a 
result of this discovery, the search for the function of cobalt in rumin- 
ants was intensified. It was found that the intramuscular injection of 
sufficient quantities of vitamin B 12 would alleviate all the symptoms of 
extreme cobalt deficiency. The daily injection of 6 /rg. of the vitamin 
was found to maintain sheep restricted to a cobalt-deficient diet in 
robust health, although considerably larger doses are required to effect 
recovery in deficient animals. Relatively huge amounts must be 
given by mouth to achieve the same result. Vitamin B 12 is elaborated 
only by micro-organisms and the sole function of ingested cobalt 
appears to be to ensure that certain of the micro-organisms which 
normally inhabit the rumen are provided with an adequate substrate 
for the production of the vitamin. It is evident that a very considerable 
excess of vitamin B 12 must be produced in the rumen, for only a 
relatively small proportion of the total amount elaborated is absorbed; 
A still smaller proportion is stored in the tissues, principally in the liver. 
The cobalt-deficiency syndrome and most of the observations related 
to it may be adequately explained in the light of these facts (Marston, 
1956 ). 

An animal whose cobalt intake is adequate is able to produce suffi- 
cient vitamin B 12 to satisfy its immediate requirements and to build up 
1 reserve in the liver and other tissues. When the amount of cobalt 
ingested falls below the minimal requirement the population structure 
of the rumen flora changes. The quantitative relationship between 
the various micro-organisms undergoes drastic modification as certain 
of them disappear and others, that usually constitute a relatively mull 
proportion of the total, predominate. Concurrently with these cluiigt » 
the production of vitamin B la falls off sliarply. When this Juppem, 
the animal is able to satisfy its needs only by drawing from the ,u < ^ulu- 
lated store of vitamin li| Z , and the period during which w jjj 
suffice is limited by the extent of the reserve. Signs of deficiency will 
not develop until this reserve is exhausted. A sheep nuy (f)U» 
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m perfect health during an interval tvhen the pastures are cobJt 
deficient so long as its previous grazing history has enabled it to s o 
an amount of vitamin B 12 sufficient to make good the deficit. 

On the other hand the lamb or calf which is bom on co 
deficient pasture, or restricted to a deficient diet early m life, has ^ 
opportunity to accumulate vita m i n B 12 and the reserves with wbic i 
is bora are soon depleted The requirements for growth impose 
additional stringency in the young a nim al It is therefore appaien 
why adult animals with adequate reserves and a relatively sniaU 
requirement of vitamin B 12 are able to withstand alack of cobalt w c 
may prove fatal to their young with meagre reserves and a greater 
requirement It becomes dear also why cobalt that is stored in e 
tissues other than that which is incorporated in vitamin B 12 serves no 
useful purpose This stored cobalt cannot relieve cobalt deficiency 
for no physiological mechanism exists for the transfer of cobalt from 
the tissues to the rumen where the effective synthesis of vitamin Bn 
takes place 
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Legumes generally contain a greater proportion of cobalt than do 
grasses or cereals grown in the same soil and this discrepancy may at 
times be very considerable. As an example, in South Australia, 
lucerne ( Medicago sativa) frequently contains more than 0*3 p.p.m. 
cobalt, while the perennial grass PJtalaris ttiherosa collected at the same 
time from the same pasture contains less than 0*03 p.p.m. Under these 
circumstances, the influence of die season or other factors on the botani- 
cal composition of the pasture may frequently determine the cobalt 
status of the grazing ruminant and, at times, account directly for the 
variable incidence of cobalt deficiency. The animals are bound to 
suffer most severely when the availability of cobalt even to the legu- 
minous plants is inadequate, as is not uncommonly the case. 


DIAGNOSIS 

The response of the animal to supplementary cobalt — that is, the 
improvement in appetite, in body weight and in general thrift— is by 
far the most certain method of diagnosing cobalt deficiency. 'When 
animals suspected to be suffering from cobalt deficiency are dosed or 
otherwise provided with cobalt for this purpose, it is desirable that 
the behaviour of an adequate number of untreated animals, maintained 
under comparable conditions, should be observed simultaneously in 
order that the response to the treatment may be assessed objectively. 
When practical difficulties preclude such a comparison, however, 
reliance must be placed on analytical procedures as an alternative means 
of diagnosis. Opinions differ as to which of these analytical proce- 
dures is most reliable and the choice must depend to a large extent on 
die facilities available and more particularly on the ability, bom of 
experience, to interpret the findings. 

An analysis of die soil will frequently serve to confirm suspected 
cobalt deficiency or to indicate where deficiency is likely to occur, 
and die concentration of cobalt in the pasture and in the liver provide 
an extremely valuable indication of the cobalt status of die animal. 
When die results obtained by any one of these procedures arc very low 
or particularly high, they may be accepted with confidence as evidence 
for or against die existence of cobalt deficiency. Many of these figures, 
however, will be found to be intermediate between these extremes and 
may only be interpreted after a careful consideration of the state of the 
animals and their grazing history. 

A gross sure of deficiency may be recognized readily, for the 
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response of the sickly animals to cobalt therapy will be dramatic anil 
the levels of cobalt detectable in the soil, the pasture and the liver 
be very low A slight degree of deficiency, on the other hand, pre 
sents a far more difficult problem Prolonged objective meas1 ^ 
ments will probably be necessary to detect the response to co 
supplementation and the analytical findings may frequently c 
equivocal There is every promise that the microbiological assay 0 
vitamin B 12 in the blood plasma or, more particularly, m the liver may 
prove to be an exceptionally useful method of diagnosis nioo 
plasma is readily obtainable but, as the concentration of vitamin 12 
in this medium is subject to considerable short-term fluctuations, t e 
more stable reserves in the liver afford a much better assessment of the 
vitamin B la status of the animal A small sample of liver drawn at 
biopsy from an intact animal supplies ample tissue for the assay 

The livers of sheep on healthy pastures have been found to contain 
about 1 jig vitamin B 12 per gramme of fresh tissue, while a similar 
figure for cobalt-deficicnt sheep is usually below o 1 /xg / gm The 
blood plasma of the normal sheep contains from 3 to 6 m/xg B 12/ml 
and this value falls below 0 3 m/xg /ml m the deficient animal (DaW' 
bam, Hine and Smith, 1957) The possible application of these find- 
ings has not been fully worked out as yet, but the procedure should find 
favour in veterinary and biological laboratories where the intricacies 
of trace clement analysis present difficulties 
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the locality where the trouble arose and, when the distances were too 
great, the attractive pastures that provoked pining were reluctantly 
abandoned. In any case, the necessity to transfer stock to and fro was 
an irksome and inefficient procedure and was sometimes impossible 
because of the restrictions imposed by land tenure. 

Following the discovery of the common cause of these wasting 
diseases and of means of overcoming the deficiency of cobalt, the forced 
movement of the flocks and herds became unnecessary. Sales were no 
longer dictated by the fear that the stock would deteriorate if held 
longer in the deficient areas, but were determined by ordinary farming 
practice. The appropriate treatment of the animals themselves or of 
the deficient pastures they graze has made possible a more stable and 
economically sound system of husbandry; and lias enabled areas that 
had been abandoned because die hazard was too great to be brought 
back into production. 

Of die procedures commonly adopted to correct cobalt deficiency, 
no one method can have universal application, for the condition may 
arise m almost as many circumstances as there are methods of husbandry. 
For instance, in many parts of Europe and North America animals may 
spend almost half their lives in barns while in Australia and some other 
countries, they are never housed. A different approach to the problem 
of providing supplementary cobalt will be necessary in each case. 
Further, the procedure which is both practicable and economically 
sound on a few Irish acres may not be equally acceptable on a Scottish 
hill grazing or an open prairie in Alberta; and the method which suits 
a compact, highly developed farm carrying five or six breeding ewes 
per acre may not find favour in large tracts of low-carrying capacity, 
particularly in rugged country which, is difficult of access. The 
erratic incidence of the disease in some localities further complicates 
the choice. 

In cobalt-deficient regions, any method of cobalt supplementation 
which enables the vitamin B 12 status of the animals to be maintained 
adequately is effective. The method best suited to the circumstances 
that exist in each locality must be determined and applied. Tliis 
objective may be achieved by ensuring the daily ingestion of sufficient 
cobalt to provide the requirements of vitamin B 13 from day to day, 
or the less frequent consumption of larger amounts of cobalt, each of 
which will permit die elaboration and storage of sufficient vitamin to 
supply die animal’s needs until additional cobalt is made available 
once more. Fortunately, ruminants tolerate relatively huge doses of 
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cobalt, so that the nsk of poisoning with cobalt supplements is negh 
gible 

For the sheep, a sufficient daily consumption is about o i mg 
a very much greater daily equivalent is required when the co 
supplements are provided only at infrequent intervals S cep 
pastures that are grossly cobalt-deficient can be maintained inde te 
in perfect health if they are dosed with 7 mg Co at weekly intcrv s u 
with 21 mg Co at intervals of three weeks, they gradually lose con 
tion and with 35 mg Co once every five weeks they will die, 
will succumb less rapidly than sheep receiving no cobalt supplemen . 
but just as certainly It would appear that the rumen organisms axe 
unable to convert large doses of cobalt to vitamin B J2 efficien y> 
that the mechanism for adsorption and storage cannot cope wi 
suddenly enhanced but brief production of vitamin B 12 When ® 
interval between doses is four weeks, as much as 280 mg Co must 
administered on each occasion to maintain the mature sheep ^v 
with this amount of cobalt, young sheep do not thrive When t c 
pastures are less deficient, however, the amount of cobalt ingeste m 
the grazing is somewhat greater, so the animal s total requirement 
vitamin B ia is not greatly in excess of the amount derived from tn 
rumen In this case, any storage of vita mm B l2 that results fromcobai 
supplementation will be drawn on but slowly and in small amounts* 
so that relatively large, infrequent supplements of cobalt will maintain 
the health of ruminants much more efficiently on mildly deficient than 
on grossly deficient rations 

Dosing individual animals frequendy with cobalt is a positive means 
of correcting cobalt deficiency which is effectively employed m some 
circumstances but, because of the considerable labour involved dm 
procedure docs not find widespread favour Salt licks or fodder 
supplements that are made available for sheep or cattle continuously 
or at frequent intervals may be used as vehicles for cobalt supplements 
A solution in water of the soluble cobalt salt, calculated to provide the 
required supplement, is best sprinkled over the salt or fodder to ensure 
an even distribution Even so the amount of cobalt to be used can 
only be calculated on the assumption that the supplement will be 
equally consumed by ah the members of the flock or herd to be pro- 
tected. Actually, individual appetites vary considerably and some 
animals which do not take enough of the supplement will suffer the 
consequences Nevertheless, this method is rather widely employ 
and meets with the greatest measure of success when it is used in con" 
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junction with a programme of occasional drenches for the relatively few 
animals that do show signs of cobalt deficiency. 

In some deficient localities, practical farmers have attempted to 
maintain a corrective concentration of cobalt in the stock water supply, 
despite the disadvantages inherent in tills practice. Cobalt solutions 
will attack most types of metal reservoirs and drinking troughs and 
may not, therefore, be left in prolonged contact with them. A further 
disadvantage is that the cobalt is thrown out of solution when carbon- 
ates are present in the water and may be lost to the animals in tliis way. 
To assess the dose rate accurately under these circumstances is impos- 
sible. Sheep at pasture seldom drink when the grass is succulent and 
the weather is cool whereas ready access to water is a constant necessity 
during hot weather, particularly if the pasture is dry. Under these 
circumstances, sheep that graze the green, cobalt-deficient pasture may 
be entirely dependent on the reserves of vitamin B 12 they have been 
able to accumulate during the hot months. These reserves are seldom 
adequate. Cattle are likely to be better served by this procedure as 
they drink in all seasons. 

So far as is known, cobalt is not an essential element for plant growth* 
and may even exert a deleterious effect if it is present in excess. How- 
ever, when it is present in the soil in an available form, cobalt is 
absorbed by the roots and distributed throughout the plant to an 
extent that appears to be limited largely by the availability of the supply, 
for grasses grown in water culture supplied with cobalt may absorb 
more than, fifty times their usual concentration of this element. It 
has been pointed out earlier that the various plant species differ markedly 
in their inherent propensity for taking up cobalt from the soil in which 
they grow and that legumes almost invariably absorb more cobalt 
than do grasses. "When cobalt is applied to cobalt- deficient pastures, 
however, additional cobalt is absorbed by all types of plants. When 
the concentration is raised sufficiently by this means, the ingestion of 
air adequate amount of cobalt by all the grazing animals is assured. 
The effective simplicity of this practice has led to its widespread adop- 
tion. 

Cobalt sulphate usually constitutes the source of cobalt for applica- 


* Recent work at Berkeley, California, has convincingly demonstrated that 
cobalt is essential for the fixation of nitrogen m die root nodules of legumes 
grown in artificial media (Rciscnaucr, i960), and Powric (i960), has reported 
a significant response by Tnfohum subterraneum to cobalt applied to a poor, 
sandy soil in South Australia. 
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non to deficient pastures and to ensure its even distribution this sains 
commonly mixed with a earner such as superphosphate or other e 
hzer for spreadmg Inert materials such as sand are sometimes us 
for this purpose while, recently, aqueous solutions of cobalt s P 
have been sprayed on the deficient pastures with considerable sucC f*, 
This last procedure is particularly well adapted for spraying maC f eSS !, 
billy country from low-flying aircraft The concentration ° c0 , 
in pastures or on the surface of the plants (where it is equally effective/ 
is greatest shortly after the cobalt sulphate has been spread Ther ter, 
this concentration falls steadily until the pastures once more fail to P r °“ 
vide sufficient cobalt for the animals When this happens, the app 1 
canon must be repeated and a great deal of experimental wor ^ 
been earned out to determine the necessary rate and frequency 
applicauon to overcome cobalt deficiency in different circumstance 
For example, in Great Bntain the appheanon of 2 lb of cobalt sulp 1 
per acre every fourth or fifth year has proved to be effective and w 
adapted to the existing rotanonal cropping pracnce In New Zcalan 
on the other hand, the annual application of 4-5 oz per acre to 
permanent pastures has commonly been adopted, while 16-20 oz every 
third year has also been found to be satisfactory 

However, in localities where the incidence of cobalt deficiency 15 
sporadic the intervals between deficient periods may be several ye 3 * 5 
and, in these areas, the relatively short-lived elevation of the cobal 
concentration in the pasture that results from the application of cobal 
sulphate may make this corrective procedure economically unattrac- 
tive There would be many years when neither increased productivity 
nor improved financial return would be achieved 

One cunous effect of applying cobalt to a deficient pasture is to 
render it more attracts e to grazing sheep This has been strikingly 
demonstrated on Scottish hill grazings where strips of pasture treated 
with cobalt sulphate were alternated with strips left untreated (Stewart, 
1953) The sheep consistently preferred the cobalt-treated pasture 
strips No satisfactory explanation of this phenomenon has been 
offered. It would appear to be advisable, therefore, to spread the 
cobalt dressing evenly in order to avoid over-grazing the more palatable 
sections 

Where rotational grazing is practicable but the application of cobalt 
to the enure property is not feasible, the frequent application of rela- 
tively heavy dressings to at least one enclosure is worthy of considera- 
tion The ingestion of this cobalt-enriched pasture will enable the 
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animals which are confined to it penodicaily for limited intervals to 
store sufficient vitamin B 12 to maintain them while they graze die 
deficient sections of the property. 

It appears probable that, before long, all these methods of over- 
coming cobalt deficiency may be superseded by a recent development 
that involves an entirely new principle Recent research at the 
Division of Biochemistry and General Nutrition of the Commonwealth 
Scientific and Industrial Research Organization in South Australia 
(Dewey, Lee and Marston, 1958) has revealed that cobaltic oxide, a 
relatively insoluble source of cobalt, may be compounded with inert 
material such as china clay or fmely divided iron into a dense pellet 
that will remain intact within the reticulum of the sheep for many 
months. A small but adequate quantity of cobalt passes continuously 
from tins source into solution in the rumen fluid to provide enough 
for die animal’s requirement for a considerable period The length of 
tune for which a single pellet, weighing only a few grammes, may 
remain effective in the rumen has not yet been determined but the 
stimulating possibility is that one treatment may be all that is necessary 
to satisfy the animal’s demand for vitamin B 13 throughout its hfespan 
If this proves to be the case, or even if the effective life of the pellet is 
considerably less, this method may be expected to find widespread 
acceptance as it should be suited equally to all of the circumstances 
under which cobalt deficiency prevails 


COBALT IN OTHER DISEASE CONDITIONS 

PHALARIS STAGGERS IN SHEEP AND CATTLE 
Phalans tuberosa is a perennial grass of Mediterranean origin which is 
extensively used in sown pastures m southern Australia and, less com- 
monly, m certain districts in the South Island of New Zealand It is 
grown, also, to a limited extent in Chile, Uruguay and Argentina, m 
some districts in California and in South Africa, but in these countries 
it is at present only of minor importance as a pasture plant Phalans is 
admirably suited to all of these environments except tliat, in many 
circumstances, it contains a neurotoxic substance when it is actively 
growing Sheep or cattle that consume sufficient of the toxic phalans 
consistently durmg two or three consecutive weeks, which they may do 
when the grass is predominant in the pasture, commonly develop a 
malady known as Phalans Staggers (McDonald, 1942]. This con- 
dition, which is frequently fatal and may at times occasion heavy losses, 
677 



Animal Health, Production and Pasture 

has been reported to occur only in Australia and New Zealand- 
Du ring 1956 and 1957, however, a seemingly identical disease was 
recognized in Southern Rhodesia on irrigated pastures that consist 
essentially of Ronpha grass, a hybrid of Phalaris tuberosa and Pita arts 
arundinacea (Croft, personal communication). More recently s a 
similarly named Phalaris hybrid has proved to be toxic in Florida also, 
(Rudke et al. 1961). , 

In recent years, experimental investigation of Phalaris Staggers a* 
proved conclusively that the syndrome may be prevented entirely 1 
sufficient cobalt is ingested simultaneously with the phalaris (Lee an 
Kuchel, 1953). This subject has been reviewed by Lee (195^)- 
There is no point of similarity between Phalaris Staggers and unc ° 1 ^ 
plicated cobalt deficiency, apart from the preventive role played y 
cobalt within the paunch. The nervous manifestations that are t e 
principal feature of Phalaris Staggers are never encountered in cobal - 
deficient animals that have no access to phalaris. Sheep or cattle are 
usually in excellent condition when affected by staggers and there is no 
progressive loss of weight. The onset of the disease is rapid and, further- 
more, its course cannot be arrested by cobalt therapy. The nature o 
the toxic substance present in the phalaris has not been determined. 

The function of cobalt m preventing staggers is not yet known, but it 
lias been proved that the production of vitamin B 12 is not involved, 
for massive injection of this vitamin will neither prevent nor alleviate 
the condition. It is therefore evident that, in this disease at least, cobalt 
has an additional part to play in ruminant nutrition. 

OTHER DISEASES 

Claims have been made that cobalt supplements may be of benefit, 
also, in several other conditions which do not involve an ordinary lack 
of cobalt. For instance, the appetite and the general healdi of cattle 
affected by diseases as dissimilar as ketosis and malignant catarrh appear 
to respond to therapeutic doses of cobalt, while the addition of cobalt 
to the rations apparently enhances the growth rate of pigs- The 
function of cobalt in these conditions has not been determined. 
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CHAPTER TWENTY-SEVEN 


Iodine 

G. CALDERBANX 

Introduction — Natural sources of iodine: m soil and water , in pasture, intake by grazing 
animals— Iodine metabolism: in the thyroid gland, in blood, in milk — Thyroid 
function: growth, milk yield, milk quality, wool production, reproduction — Thyroid 
dysfunction— goitre, causes, occurrence and distribution, symptoms and diagnosis — 
Control of iodine deficiency: iodine requirements , toxicity, practical considerations. 


Iodine is one of the scarcest of noil-metallic elements although it is 
almost universal in its animal, vegetable and mineral distribution. It 
is found in quantity only in some forms of marine life; in certain deep 
well waters and mineral springs ; and in the natural deposits of caliche in 
northern Chile from which the greater part of the world's commercial 
supply is derived. 

The discovery of iodine was made near Paris towards the end of 181 1 
or early in 1812 by Courtois who accidentally caused the liberation of 
violet-coloured iodine vapour from the residue of seaweed ash used in 
the manufacture of saltpetre; and in 1813 the new element was named 
Todc* by Gay-Lussac and thence ‘iodine' by Humphry Davy. Early 
investigations, notably by Chatin, associating the incidence of human 
goitre with iodine deficiency, unfortunately suffered from certain 
discrepancies and as a result were largely discredited. Although later 
work rc-cstablishcd the comiection between iodine deficiency and 
goitre, little further progress was in fact made until in 1891 Murray 
showed that myxoedema could be relieved by injections of thyroid 
extract, and in 1895 Baumann demonstrated the presence of iodine in 
the thyroid gland. These findings awakened new interest, and sub- 
sequent research culminated in the isolation of the iodine-containing 
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thyroid hormone, thyroxine, by Kendall m December 1914* 
synthesis by Hanngton and Barger in 1927 Pioneer workon ^ nun 

endemic goitre carried out by McCarnson m India and by 
his colleagues in America has smcc been extended to almost ] 
country in the world Je 

Studies of iodine metabolism and thyroid function in rarm 
have inevitably lagged behind those relating to man, and interpreta 
of experimental findings must take account of variation between 
ferent species It is established, however that by virtue of its p ^ 
the structure of the thyroid hormones, iodine is one of the es * ent3 jt j 
trace elements, and in view of the profound influence of the y r0 
gland on all metabolic activity the physiological function of iodine is 0 
considerable importance in livestock husbandry 

The literature on the physiology of iodine and its relation to en enu^ 
goitre and the treatment of thyroid dysfunction in man and anini 
exceeds m scope and quantity that of all the other trace elements cocl 
brned (Underwood, 1956) It is therefore evident that in this re y* C 'r 
of iodine in relation to animal health and production, only a ne 
survey is possible of the most important aspects and their pracac 
implications to the livestock owner 

A useful review of information existing up to 1927 was given by Ur 
and Leitch (1929) but until about 1930 analytical techniques were no 
suflkiendy accurate to determine the small amounts of lodmc P r ®* c v 
in many biological materials and thus provide reliable data upon Wine 
to base definite conclusions The evolution of knowledge concern 
mg thyroid function was described by Hanngton (l933) 
advances have been founded upon increasing knowledge of the 
biosynthesis of thyroid hormone, the application of radioactive isotope 
techniques , and die discovery of substances which interfere With the 
utilization of iodine by the thyroid gland As such substances arc 
now know n to occur naturally in many feeding-stufls, particularly m 
Bromcj crops, they arc of special mterest to those concerned wadi the 
nutrmon of livestock. 


NATURAL SOURCES OF IODINE 

IODINE IN SOIL AND WATER 

Soils arc richer in iodine dun the rocks from winch they arc derw cd 
their content being dependent upon the balance of a number o* 
enriching and depicting agencies. Atmospheric precipitation, the 
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natural decay of vegetation containing iodine and the adsorptive 
capacity of humus and day serve to increase the iodine content of 
sods, whereas leaching and cropping are important depleting 
agencies. 

According to Goldschmidt (1954), the factors which determine a 
regional iodine deficiency in soils are: distance from the sea, low 
annual atmospheric precipitation and recent glaciation, the last being 
perhaps the most important. Although this latter point is disputed by 
Beeson (1958), the frequency distribution of goitre in North America 
and in a number of countries in Europe, Asia and Australasia, shows a 
close correlation with die areas and extent of quaternary glaciation 
where soils have not yet been sufficiently saturated with post-glacial 
air-borne oceanic iodine. 

Contrary to the popular conception, however, soils in the neigh- 
bourhood of the sea are not always richer in iodine than those inland 
since any influence on iodine content will also depend upon the direc- 
tion of the prevailing wind, the amount of precipitation and the nature 
and reaction of the soil. In New Zealand, Shore and Andrew (1934) 
noted some sandy soils near the sea to be exceptionally low in iodine, 
and Fraps and Fudge (1939) found sandy soils near the Texas coast to be 
lower in iodine content than other soils of the state, possibly related to 
the greater rainfall in the coastal regions. 

Iodine is fixed by the organic matter or by the fine fraction of heavier 
soils so that, generally speaking, heavy-textured clays and loams contain 
most iodine, and light sandy soils poor in colloidal matter contain the 
least. This relationship is shown in Table 27.1 derived from a com- 
pilation of world literature on the iodine content of soils. 


TABLE 27.1. Iodine content of soils 


Kind 

of 

soil 

Number 

1 of 

Samples 

Iodine content 

t*B-/k s- 

Range Avg. 

Clay 

373 

tracc-68,740 

73 W 

Clay loam 

34 

tracc-58,120 

5904 

Loam 

58? 

tracc-70, 000 

3802 

Sandy loam | 

493 

tracc-60,000 

3574 

Sand j 

202 

IT2CC-J 2,000 

211% 


(Front Chilean fodme Educational Bureau, 1956) 
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Peivc (1959) notes that in the U S S R , in areas of 
loam or sod-podzohc boggy soils which are deficier 
copper, a deficiency of iodine is also usually observed . 

No sharp distinction can he drawn between the iodine c0 ”- ten s 
different geological strata although a significant relationship has bee 
established, largely due to other factors mvolved, between geologi 
formation and the incidence of iodine deficiency as indicated by uman 
thyroid enlargement (Murray et al , 1948) , 

The iodine content of drinking water has been widely used as an in 
of the iodme status of rocks and soils and has frequently been re te 
to the incidence of human goitre Chatm, whose extensive investi 
gations have been referred to, concluded that water from formations 
rich in lime and magnesium contains relatively little iodine and t iat 
rivers fed by glaciers are also low in iodine especially durmg the me t 
mg of the snow It should be noted, however, that the iodme content 
of water is not always a reliable indication of that of the soil from whic 
it flows Soils of high colloidal content such as clay and peat, thoug 
dicmsclvcs rich in iodine, may give up little to the water percolating 
through them, whereas from other soils of relatively low content the 
iodine may readily be dissolved 

Murray ct al (1948) have suggested that for human beings a non- 
goitrous’ level for the iodme content of drinking water should be put 
at 5 pg per litre or more for hard waters, and possibly 3 pg P cr 
for soft waters There is, however, insufficient evidence to sugges 
whether this index might also be applied to farm livestock 


IODINE IN PASTURE 

Following the discovery of iodme in marine vegetation, in which the 
amounts arc often comparatively large and simple to detect, and with 
the dc\clopment of increasingly delicate methods of analysis, it was 
gradually established that iodme is contained in all plants It is not 
yet known whether this clement is essential to plant as to animal life, 
though no spcacs of plant has been grown in an lodme-free environ- 
ment. Modem research places iodine in the class of ‘beneficial ele- 
ments’ which although not found essential, may in trace quantities 
materially assist growth or metabolic efficiency (see Chilean Iodine 
Educauonal Bureau, 1959) 

Although the soil is the primary’ source of iodme for both waters 
and crops, there nuy be little or no correlation between the iodine 
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content of a soil and that of pasture growing on it. This is shown 
(Table 27.2) by die data of Simpson (1930ft) and Butler et ah (1956)* 

TABLE 27 . 2 . Relative iodine contents of soil and pasture 
(tig. per kg. dry matter) 


Soil 

Pasture 

Author 

Not 

specified 

Perennial 

ryegrass 

Short-rota- 
tion ryegrass 

Cocksfoot 

176 



1,350 

230 

22s 

Butler cl ah 

200 I 

140 

— 

— 

— 

Simpson 

300 

— 

r,< 5 oo 

i<>8 

25S 

Butler et ah 

6oo 

130 

— 

— . 

— 

Simpson 

700 

no 


— - 

— 

Simpson 

848 



— 



125 

Butler et ah 

8 S 3 

— 

1.500 

150 * 

175 

Butler et ah 

1,500 

130 

— 

— 

— 

Simpson 


Buder et at. showed a similar lack of correlation between the iodine 
content of soil and that of several varieties of clover. 

Few data are available concerning the absorption of atmospheric 
iodine by pasture but experiments with other crops and recent work 
with radioactive isotopes suggest this may be of importance. Most 
values for the iodine content of pasture lie between 100 and r,ooo pg. 
iodine per kg. of dry matter but within diis range the content may be 
influenced by a number of factors: 

Locality and soil type. Geographical influence differs according to 
the region concerned and is largely dependent on soil characteristics. 
Thus hill pastures in New Zealand are often richer in iodine than valley 
pastures (Simpson, 1930a) whereas in the Carpadiian regions mountain- 
grown fodder is reported as having a lower iodine content than that of 
the valleys (ZadenJ, 1956). As in die case of soils, and for similar 
reasons, proximity to the sea does nor necessarily imply a higher iodine 
content of pasture although in favourable circumstances this may be so. 

Fixation of iodine in humic and clay soils may restrict its uptake by 
plants, and the reaction of the soil appears to be of particular import- 
ance. According to Simpson (19301) alkaline soils, although rich in 
iodine, may give up little to plants growing on them, whereas add soils 
give up their iodine more readily. Beeson (1958) notes that in the 
United States iodine docs not appear to he detitient in the humid 
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regions, where the soils are highly leached but acid in reaction, w er 
in the north-west iodine deficiency is associated with alkaline so 
although in a semi-and climate with a minimum of leaching 
There is, however, some evidence that the critical pH for maximum 
uptake of iodine by plants is not constant (Borst-Pauwels, 1959) 211 
no precise conclusions can as yet be drawn 

Season and stage of growth Seasonal variation in the iodine conten 

of New Zealand pasture was reported by Hercus and Roberts (i9 2 7J 
who found highest values m June and July (winter), and by Simpson 
(1930&) who found maximum values in autumn and early winter an 
minimum values in summer, with lesser variation according to area 
and climatic conditions Previously, Orr and Leitch (i9 2 9) 
noted that in serial analyses of samples of Scottish pasture from e 
same field, figures for August, September and October were 35°» 
470 and 580 pg lodme per kg dry matter respectively Blom (I934J 
recorded seasonal variation in the iodine content of several species o 
South African pasture grasses, and the limited data of Calderbank eta 
(i960), referred to below, suggest a marked fall in the iodine content o 
pasture associated with onset of growth m spring followed by a gradual 
return to initial values during late summer and autumn . 

Although there is thus some agreement that the iodine content o 
mixed grass sward increases during the growing season, reaching 3 
maximum in late autumn, Butler et al (1956) have shown that this does 
not necessarily apply to m dividual grasses (see Table 27 3) Also it 
should be noted that this seasonal variation is largely or entirely 3 
reflection of the stage of growth and is therefore subject to the second" 
ary influences of cropping, r ainfall and environmental temperature 
Butler et al found a seasonal variation m the iodine content o 
clov ers, Broad red, Montgomery red and subterranean varieties having 
maximum values m spring, while white clover had a consistently 
higher iodine content with maximum values during winter "W right 
and Sinclair (1958) found the iodine content of spring-sown kale m 
New Zealand to be 1,200 pg per kg dry weight in December— 
February (summer) declining to 600-700 pg per kg in July (winter) 
Kale, however, frequendy has an iodine content appreciably lower 
than these values might suggest Jones (i960) refers to preliminary 
work suggesting that kales, particularly marrow-stem varieties, arc 
poorer sources of iodine than mixed grass and do\ er swards 

Bcfamul composition Bourcet recorded in 1899 a wide variation in 
iodine content betw cen plant species and even betw ecu plants of the 
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■ ,„1 FUclicr f 103 i) found the iodine content and capacity 

same species, and nsener 1*93 ‘J 1 f v „ nct ablcs to vary con- 

for iodine absorption of mdivi ua spe different 

sidcrably. However, although Young reat attc nti on 

iodine contents of four pure strains o pa ^ or k 0 f Butler and 

was paid to this quality of P astur “ s shoNvn that variation between 

liis colleagues in New Zealand. , imnortant single factor deter- 

species and strains of grasses is the mos P «j ut i et and Johnson, 
mining the iodine status of New a strongly 

r 9 57) and that the Percentage todme eontmt ofthe h^^ outstanding 
inherited characteristic. Iyer (195 ) , . is the wide varia- 

feature of the iodine content of Indian fodd«phn^t„ 

tion within the same species as well as between different spec g 

ing in the same locality and soil type- illustrates the influ- 

Table 27.3 &om the data of Butle : ctal.W^ ^ commoll 

ence of species and season on the 

TABLE 27 . 3 . Seasonal fafrow » the Mm «H«t of *****«>» 


Grass 


Iodine content 



Spring 

r ^ 

Summer 

Autumn 

Perennial ryegrass 

Italian ryegrass 

Short-rotation ryegrass 

Cocksfoot 

Yorkshire fog 

i, 3 °° 

600 

160 

225 

55 

1,300 

650 

275 

275 

83 

i ,350 

900 

230 

83 

60 


Winter 


1,860 

1,225 

575 

78 

78 


(From data of Butler et at , 1956) 

pasture grasses growing on sod with a relatively low iodine content of 
1,760 pg. per kg. dry weight. ( m containers) on a 

si SSrstli' W- " “ 

wide variation (Borst-Pauwels, 1959 ) • 


Cocksfoot 
English ryegrass 
Timothy 
Meadow fescue 
Kentucky blucgrass 


jig. iodine per 
kg. dry matter 

305 
300 
225 

220 

150 
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The high iodine content of the New Zealand strain of perennial rye- 
grass is particularly noteworthy 

Beeson (1958) reports that in the northern and western United 
States, in contrast to the general situation in the area, there are many 
isolated sites where the iodine content of vegetation is very high 
Typically these sites are poorly drained with a high water table where 
sedges and rushes predominate 

On the basis of the New Zealand work it would theoretically he 
possible, assuming no limitation is imposed by the avadability of soil 
iodine, for the plant breeder to produce by selection strains of grasses 
having a high iodine content even where the soil content is relatively 
low It seems unlikely, however, that this would prove worth while 
m practice m view of the facility with which an adequate intake of 
iodine by livestock may be ensured by direct supplementation of their 
food or by appropnate fertilizer treatment of the pasture 

fertilization It has been shown repeatedly that the iodine content 


TABLE 27 4 Iodine content oj English pastures 




Iodine content (pg /kg dry nutter) 


Field 

Fertilizer 

Before 1 


After application 





tion 

May 

June 

July 

Aug 

Sept. 

Oct 

I9S8 

l 

Chilean 








2 1 

nitrate 

Nitro 

250* 

*.*4°t 

490 

330 

1 040 

35° 

60O 


chalk 

280* 

— 

260 

330 

620 

370 

390 

i960 

3 MO 

Chilean 't 









nitrate [ 

667t 

195 

- , 

27O 

282 

— 

500 


chalk J 


150 

- 

250 ' 

248 

— 

500 

i960 

4 (halO 

Chilean "1 









1 nitrate ( 
I Nitto f 

• 7Slf 

*45 

- 

33° 

3<S3 

- 
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chalk J 


*25 

— 

280 

350 

- 

640 


+ p v . t M«ch 

♦ rcuJa4 contaauumw due to low t untill 
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of crops can be increased by the application of iodine in various forms 
to the soil or nutritive medium. Recent experimental evidence sug- 
gests that iodatc ions arc absorbed less rapidly by grass than iodide ions 
but that the application of iodatc has a more lasting effect (Borst- 
Pauwels, 1959). 

Although specific iodine preparations are in use in some parts of the 
world, seaweed and guano arc the most iodine-rich organic fertilizers, 
and Chilean nitrate of soda is the only inorganic fertilizer in common 
use containing a significant proportion of iodine (o'Oi-c-02 per cent). 

A number of investigators have referred to the favourable influence 
of Chilean nitrate of soda on the iodine content of forage crops (see 
Chilean Iodine Education Bureau, 1950) . Table 274 shows the iodine 
content of English pastures on the same farm, sampled at approximately 
monthly intervals throughout the grazing season, after application of a 
single dressing of Chilean nitrate of soda or ‘Nitro-chalk’ at the rate of 
2 cwt. per acre (Calderbank et al, 1960) : 

Data from five investigations in the Netherlands (Chilean Nitrate 
Agricultural Service, 1959) show in three instances a positive influence 
(> 10 per cent) on the iodine content of pasture of fertilization with 
Chilean nitrate compared with other nitrogenous fertilizers. 

The relative importance of the various soil and botanical factors in 
relation to this variation in response are not yet known. 

IODINE INTAKE BY GRAZING ANIMALS 

The grazing animal may obtain, iodine from the pasture itself, from 
drinking water and from the ingestion of soil which may contaminate 
water or pasture, the effective intake depending upon the quantity of 
each ingested, their content of iodine and its availability to the animal. 
Although it is not always easy to apportion the relative importance of 
these sources, it is evident that in most circumstances the water supply 
does not itself provide a major part of the iodine intake of farm animals, 
or of human beings. A cow drinking 10 gallons of water containing 
7 (rg. iodine per litre would receive 31S fig. iodine from that source — 
less than one-tenth of the daily intake of iodine from average pasture. 
Low iodine content of drinking water may, however, be related to die 
incidence of iodine deficiency where either the water provides a 
marginal fraction of die total iodine intake or where its low content 
reflects also deficiency in soil and pasture. 

Litdc is known about the relative availability to the animal of iodine 
occurring in various forms or organic combination in pasture and in 
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foods of plant, or animal, ongm The hardness of water has been 
shown to be an important factor influencing the incidence ot u 
goitre and it is possible that this applies also to animals Excessive 
ness may affect not only the utilization of iodine contained in the w ate , 
but also that of iodine ingested from other sources 

Orr and Leitch (1929) calculated that the intake of iodine by cov> 
gr azin g Scottish pasture of high iodine content would be about 30 mg^ 
per day and that sheep on grass would mgest from o 4 to 2 o nig 10 c 
daily Russell (1944), however, notes that it is doubtful if the res ts 
of pasture analy sis accurately reflect the iodine intake of the grazing 
animal since it is difficult to get samples free from soil and the anun 
may be able to u tiliz e some of the soil iodine eaten with the pasture- 
Scveral authors have noted a high iodine content in salt and 
‘licks’ sought after by stock and by wild animals (Kalkus, I 9^°« 
Waters, 1938) Although, therefore, the major source of iodine or 
grazing animals is the pasture itself, ingestion of soil may in some cir- 
cumstances provide a significant contribution. 

In view of the many factors affecting the utilization of iodine by 
animals the critical iodine content of pasture below which deficiency 
m grazing animals is likely to occur may vary according to situation 
and circumstance Thus, attempts to correlate the incidence of goitre 
in hvestock with the iodine content of the pasture and hay eaten base 
not been entirely successful. Although the average iodine content o 
samples from goitre areas may be less than from healthy areas, values 
deemed adequate m some districts are sometimes lower than those co- 
sidered goitre producing in others (Russell, 1944 , Murray et al , I94°J 
In New Zealand, Simpson (1930a) reported goitre in lambs associ- 
ated with pasture containing 100-200 pg iodine per kg dry matter, 
and Buder and Johnson (1957) state that they have confirmed m f Qur 
instances an associauon between goitre in lambs and pasture containing 
less than 300 pg iodine per kg of dry matter 

Lehr (i960) has suggested that pasture iodine contents below 3 00 
per kg dry matter should be regarded as deficient and contents or 
300-600 pg per kg as marginal. For practical guidance this is 
probably the best interpretation of the information at present available 

IODINE METABOLISM 

Iodine is present both in plants and m foods of animal origin partly 
m inorganic form and partly in organic combination. Probably most 
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of the ingested iodine is reduced to iodide in the alimentary tract, and is 
thereafter rapidly absorbed. The rate of absorption suggests that in the 
ruminant considerable absorption of iodine, as iodide, takes place 
from the rumen (Gamer and Sansom, 1959)* 

Absorption of iodide is practically complete and most of the iodine 
appearing in the faeces probably represents dietary iodine which has 
been absorbed and resecrcted. Iodide is removed from the circulation 
mainly by the thyroid gland and the kidneys, the clearance ratio 
depending on the state of activity of the thyroid, and in the lactating 
animal a significant proportion of the circulating iodine is secreted in 
the milk. 

Swanson ef al . (1957) quote unpublished data of Monroe et al. who 
found the actual distribution of iodine 131 in the thyroid gland, milk 
and excretions of a cow killed three days after dosing to be: thyroid 
n *7 per cent, urine 43 *7 per cent, faeces 17*6 per cent, milk 7*2 percent. 

Garner and Sansom (1959) has summarized the fate of I 131 , admin- 
istered orally to lactating cows, in a diagram (Fig. 27.1). 
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Fig. 27.1. I 131 fate in lactating cows (from Gamer and Sansom, 1959). 

IODINE IN THE THYROID GLAND 

All animal tissues contain iodine but of the total iodine in the body 
20-40 per cent is concentrated in the thyroid gland. Iodine entering 
the gland is rapidly incorporated into colloid or thyroglobulin which 
is the initial substrate of the iodination process leading to the synthesis 
of thyroid hormones and is also the medium ofstorage of die hormones 
within the gland. 
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The iodine content of the thyroid vanes principally with the activity 
of the gland and iodine intake in the diet, and to alesser exten t wltii ag 
and individual Near the end of gestation foetal, thyroids, desp 
their smaller size, can take up as much iodine as the maternal g 
Thus, the tracer iodine concentration m the thyroid of the ovin 
foetus is seven times higher than in that of the mother (Gorbman et a , 
1952) and in sheep the foetal capacity increases until it is four nm 
greater than the maternal at about the fourth month of gestation, ^ 
continues at this level until parturition (Wright and Sinclair, * 959 ) 
Normal thyroids of mammals contain o 2-0 5 per cent of 10 
dry weight, and variation between species seems to be small Marine 
and Lenhart (1909) showed that hyperplasia occurs when the iodine con 
centration falls below 0 1 per cent dry weight, equivalent to a PP^° X1 
matdy o 03 per cent fresh weight Mason (193 3) m a survey of New 
Zealand sheep and lamb thyroids found increase m weight of the g 
with fall in percentage iodine content to be negligible above o 03 P e * 
cent fresh weight, and experimental evidence comes from data 0 
Andrews et al (1948) given in Table 27 5 


Table 27 5 Effect of iodine on the Iamb thyroid 


Treatment 
of parent 
ewes 

No of 
lambs 
examined 

Lambs thyroids 
Iodine Weight 

content (gm ) 

(per cent 
dry wt) 

Hyper- 

plasia 

c%) 

Not given 1 

supplementary 
iodine 

147 

0 021 

only 3 glands 
above 0 1 

5 71 

6$ 

Given 

supplementary 

iodine 

86 

0 404 

only 3 glands 
below 0 2 

0 829 

1 16 


(From Andr 



Iodine 


i,, 4, ™ «. t ..»= « 

»d ='” d ' 

is referred to the book of Pitt-Rivers and Tata (i 9 59)- 

IODINE IN BLOOD , j.j _ n J 

Iodine in the blood exists in two ^“^^ve^ ~ 
protein-bound iodine (PBI). = dy elevated with in- 

in different states of thyroid activity, S ^ t sensitive 

creasedintakeofiodine. Protem-bound iodine ^rncont 

to changes in thyroid activity and die levd l« “ S , tmay ' 

regarded as an index of the amount of orcukong hormone. 
however, also be influenced by increase Allcroft 

:u ,a fo some cases considerable mTm forms 

€t < ‘9551 Long tt cl, 1956)-^ pJ3I _ rema foably high 

appears to have a parnadar cflfec were found to be 

levels in cattle reported by Kn>S and U 1 ioaine fo foe 

related to provision of a nuncral supp . 

form of cuprous iodide and foyroid 

In view of the importance of b bod PBI as an man r 

activity other possible sources °^'™™^^^ 1 j^ e fev^^deciease with 
Age. There is general agreement that PBI ^ Ralston 

advancing age (Long ct cl, 1951 . ^ ®f. ^l ves under 24 hours 

(1953a) recorded average P 1 *™ 1 P IOO ml. and 3 days-18 

i+-S pg. per 100 ml., 2 +-£ h J“ at birth had S- 9 pg. PBI per 

months 6-8-y9 Pg- P er 100 mL . ,f tcr fo e ingestion ofcolos- 

100 ml. which rose to 15-0 fcig. p er 1 

The same authors (Lewis and Rato" .1953*) suggested ranges of 
protein-bound iodine for normal cattle as follows- 


jig. per 100 mL 


Calves under a days 
3 day $-12 months 
t-2 years 

Cows over 2 years 


8 -o-l S*o 

3.5- 12-0 

3.5- 10*0 
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Further data, however, seem to be required before normal ranges 
can be regarded as firmly established (see table below) 

Breed Breed variations m protein-bound loduic levels to 
various workers arc given in Table 276, but it may c note 
material and method were not in all eases strictly comparable. 


TABLE 27 6 Pro/fiN-feouuJ todi if tci tls ui blood of dffaait breeds of cattle 



Authors 


Recce and 
Man (1952) 

Long et al 
(1952) 

Allcroft et al 
(1954) 

Sorensen 
(1958) __ 



p.g iodine per 100 ml 

scrum 

scrum* I 

plasma 

scrum 

Jersey 

46 50 

4 19 | 


I 35 4° 

Guernsey 


3 4a I 



Brown Swiss 

3 7 j 


■1 

■ 

Ayrshire 


RBB 



Inesian/Holstcin 





Black & White Danish 










Danish Shorthorn 



■ 


Aberdeen Angus 



■ 


Beef breeds 



\m 

■ 


1 



Ml 


* Mein value* corrected for age 


Pregnancy Lewis (private comm to Underwood, 1956) has sug- 
gested that the rise in protein bound iodine level associated wi 
human pregnancy does not occur in cattle but Sorensen (195*0 311 
Kiesel and Bums (i960) found higher PBI concentrations in pregnant 
compared with non-pregnant cows of 39 per cent and 46 per cent 
respectively Anmson and Lewis (1959) however, found no signi- 
ficant difference between plasma PBI values of pregnant (3k months) 
and non pregnant sheep 

Lactation A higher concentration of protein-bound iodine n* 
blood taken from cows during the first half of lactation compared with 
that taken during the second half was reported by Sorensen (195*0 
which he considered reflects the normal trend in milk and butterfat 
secretion. Lennon and Mixncr (1957) found PBI values for pregnant 
non-lactating cows and for lactating, non-pregnant cows of 3 7 & FS 
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per ioo ml. and 4*96 pg. per 100 ml. respectively, suggesting the 
relatively greater effect of lactation in the animals used, for which the 
stages of lactation and pregnancy were not reported. 

Environmental temperature. An inverse relationship between the 
environmental temperature and protein-bound iodine levels has been 
observed by Sorensen (1958), Hall ct al (1959) and others. Johnson 
et al . (1958) in a study of factors concerned in the comparative heat 
tolerance of Jersey, Holstein and Red Sindhix Holstein cattle found 
serum PBI levels to parallel changes in heat production suggesting 
thyroid involvement in the process of adaptation. 

As a reflection of the level of circulating thyroid hormone, protein- 
bound iodine values arc usually depressed in conditions associated with 
hypothyroidism. Allcroft et al. (1954) found low PBI values of 0*8- 
Pg. per ioo ml. and 1*6-3 *2 ^g- pec 100 nil. in Friesians and 
Guernseys respectively, compared with 2*4-3 *2 pg. per 100 ml. and 
3 *2-4-0 pg. per 100 ml. in controls, associated with a high incidence of 
aborted, stillborn and weakly calves, whilst Lewis and Ralston (19336) 
found the average PBI level of 19 problem breeders to be 3*7 pg. per 
100 ml. — significantly lower than that of their normal herd (4*84- 
4'97Pg. per 100 ml.). 

In an area associated with human goitre, Ewy and Bobek (1959) 
found the mean serum PBI level of Polish Red cattle to be: calves up 
to i year 5*68 pg. per 100 ml., cows 3 *o pg. per 100 ml. In 4 out of 82 
animals PBI values below 1*5 pg. per 100 ml. indicated hypothyroidism. 

Robertson et al. (1958) found no significant effect on PBI level in 
cattle of a variety of stress (mainly disease) factors considered together, 
but point out that any effect might have been limited by the acute 
nature of the conditions investigated. It is interesting to note however 
that, of individual conditions, retention of the placenta was associated 
with a PBI value of 2*72 pg. per 100 ml. compared with an average 
value of 3-63 pg. for all conditions and 4.22 pg. for normal controls. 

Reference to the diagnostic value of protein-bound iodine deter- 
mination is made in a later section. 

IODINE IN MILK 

The iodine content of milk is highly variable depending principally 
on the level of dietary intake. The average iodine content of cow's 
milk is approximately 40 pg. per kg. and the content of goat’s and ewe’s 
milk appears to be similar or perhaps slightly higher (sec Chilean 
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Iodine Educational Bureau, 1952)- Literature on the subject (tu* 
the notable exception of Bmnerts, 195b) recently been rcvic\ 

Archibald (1958). Wune 

The influence of dietary intake is illustrated in Table -7 7 » i *; 
the difference between mean iodine content of milk, from tv> o S r0U P 
cow s on seven farms, one group on each farm rcccw ing a sp c ^i 1 ^ 

supplement of 400 mg potassium iodide per week in addition 

TABLE 27 7 Tftf effect of iodine feeding on tmlk loduie 


1 

Milk iodine (jig per hire) 

Month I 

Group A 

Group B 

I 

Iodine 

Normal 


supplement 

rauons 

February 

235 

5 * 

March 

128 

74 

Apnl 

177 

87 


J Spring grazing 


i No supplement 

1 Reduced rauons 

May 

*7 

1 ■> 


(From Bound* ct cl , i960) 

normal (supplemented) commercial rauons fed to both groups 
turning out to grass, the iodine supplement was discontinued and th c 
other rations reduced 

The marked fall in iodine content of thc milk in May is probably 
related in part to increased yields, but also suggests reflection of a l°' v 
iodine content of spring pasture 

Regional variation in thc iodine content of milk was considered by 
Shore and Andrew (1934) to depend on variation in thc iodine content 
of the soil, but Bmnerts (1956) found such an influence only in the ease 
of marine clay with a particularly high lodme content. 

Although milk from coastal areas tends to be somewhat higher in 
iodine content than that from inland districts (see Archibald, I 95 8 ) 
this is not always the case, as could be expected from the varying 
influence on soil and pasture iodine contents to which reference has 
already been nude Sjdstrom (1957) found the milk from four coastal 
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dairies in Sweden to contain an average of 13-8 (Ag, of iodine per litre 
compared with, an average of 8*1 pg. per litre from r4 inland dairies, 
but in Holland Binnerts (1956) found distance from the sea to have no 
significant influence. 

A considerable proportion of the iodine in milk is protein-bound 
although this apparently is not thyroxine, to which the mammary 
gland has been shown to be impervious (Reineke and Turner, 1944), 
and neither milk nor colostrum possesses the calorigenic properties 
associated with thyroid hormone. Lewis and Ralston (1953^) found 
the protein-bound iodine content of colostrum to be greater than that 
of milk, although varying from cow to cow. 

Factors other than the level of dietary intake which have beeii con- 
sidered to affect the iodine content of milk include the following. 

Stage of lactation . According to Garner and Sansom (1959), results 
of experimental work do not indicate an effect on the secretion of 
I 131 into the milk due to stage of lactation, except perhaps through its 
influence on milk yield. 

There is, however, general agreement that colostrum is richer in 
iodine than, milk produced later (sec Chilean Iodine Educational 
Bureau, 1952). Binnerts (1956) found that the colostrum of the first 
two days was richer in iodine and that thereafter the iodine content of 
the milk was inversely correlated with yield. Equilibrium between 
iodine intake and output in milk was reached in about a week. 

Season . Conflicting evidence of a seasonal effect on the elimination 
of I 131 in milk has been presented by Lengemann et al. (1957) and 
Garner and Sansom (1959), and on the content of stable iodine in 
nnlk by Hanford et at. (1934) and Matthews et al. (1939). Shore and 
Andrew (1934) suggested that seasonal variation in milk iodine is due 
to seasonal variation in soil contamination of forage, but it is unlikely 
that this affords a general explanation. Binnerts (1956) found high 
winter values related partly to the decline in milk production and 
partly to differences in iodine supply. 

It seems that any such effect is largely dependent on seasonal varia- 
tion in intake of iodine and thyroid metabolism. 

The iodine content of milk has been widely studied in relation, to the 
incidence of human endemic goitre although correlation may be 
obscured particularly by supplementation of animal feeds. Thus, 
Hughes et at. (1959) found no significant difference in the iodine con- 
tent of milk from farms in low and high iodine areas but found a 
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significant difference between winter and summer milk (20 P-g con . 

pared with 60 pg per litre) related to difference in the consumption ot 
concentrate rations containing iodine supplements Howeve , 
broad correlation between the iodine content of milk and the ina 
of goitre is shown in Table 27 8 derived from published figures m tn 
world literature 


TABLE 27 8 Percentage distribution of 1 ahtes for the iodine content of whole cows 
milk 


ll 

Goitre 1 
areas 1 

Non-goitre 

areas 

Not 

Specified 

All areas 
together 

0-20 

52 94 

6 25 

11 54 

22 °3 

47 4<S 

21-40 

4706 

43 75 1 

50 00 1 

41-60 

0 00 

37 50 

26 92 


6I-80 

0 00 

62s 

3 84 

J 40 

above 80 

0 00 

62s 

| 7 70 

- 


100 00 

100 00 

100 00 

100 00 


(From Chilean Iodine Educational Bureau 19J2) 


The above values agree closely with the average value of 43 P-S P® 
litre for the iodine content of cow’s milk noted by Archibald (l95 > 
although Bartlett et al (1949) quote data of the Central Veterinary 
Laboratory, "Wcybndge, indicating a normal value without supp e " 
mentary dietary iodine of 15 jig per htre In cows suffering from 
iodine deficiency, giving birth to goitrous calves, Minakov (i95 2 / 
found the milk to contain 24 [ig lodmc per htre when the animals 
were stalled and 30 jig per htre at pasture r 

The importance of milk lodme m human nutrition is worthy 0 
note Milk has long been recognized as one of the principal sources 
of iodine in the human diet (Fellcnberg, 1926) and Bmnerts (i95<7 
stresses the importance of cows’ milk as a source of iodine particularly 
for expectant and nursing mothers and young children In munici 
pahties m the Netherlands where iodized salt is used in bread-making 
the proportion of human iodine intake supplied by milk is only S' l ° 
per cent, but in other areas the proportion vanes from 20 to 65 P er 
cent of the total intake Similarly, m Sweden, milk products account 
for 30 per cent of the iodine supplied in human foods (Sjostrom, 1957/ 
There is reason to believe that m Bntain also, milk is a major source 
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of iodine for tire human population (Hughes ^ aU ^ ) “ 1 JjJ, £ 
incidence of endemic goitre is stdl a matter for concern fse y 

Sneddon, i960). 

thyroid function 

“t“w, S b. ~-- J “‘‘"SKtS 

metabolism and yet indirectly be involved in 

energy available for many specialize P ro “ S f^ ^ thyroid hormones 
(1959), however, refer to a growing bebef ““ " r f “ heir func tion 
have a specific action on growth processes md p 

as metabolic regulators. r r nct ; on it is 

'Whether or lot there is any genuine 
evident that the thyroid gland plays an imp P j 0 f the new- 
regulation of general body metabolism, but also m survival « _ 

bom, in growth and development, reproduc on, , Thyroid 

bility to environmental conditions (see n ! , metabolism, 

activity also has a marked effect on water and role 

Brochart ct <tl. (i960) consider that the thyroid play P d 

m calcium and phosphorus metabolism m cattle 

elsewhere to a possible association with bovine hor _ 

Thyroid activity is du^^eg^ 1 ^ by ^ ^ ^ complic3t d 

and the gonads! there is also evince oT response To 
Secreuon of thyrotrophm stunula yr ^yroid output 

increased utilization of thyroid or serving to maintam a 

in turn depresses the pituitary secreuon ^servi ng ^ ^ 

funcnonal balance in accord wi o ^^requirement for thyroid 
reason such as iodine deHciency, the full q , J uses _ 

hormone cannot be met, increase secrenon enlargement 

sffl ds. **, 

ca zrf 
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both thyroxine and triiodothyronine A comprehensive acc °““ 
the thyroid hormones and their physiological action is given y 

Pavers and Tata (i9S9) , - < ,,-nous 

Andrews (1950) has pomted out that development of the 
types and breeds of farm animals has involved unconscious $e e 
for thyroid activity An interesting illustration of this e / oiut j°w? 
process comes from an extensive study of the effect of thyroi ^ 
ciency upon bodily growth and skeletal maturation in sheep y ° 
ct al (1938) They conclude that the result of consequent m ^ 11 , lG ° o 
of veloaty of growth without prolongation of the growth petto , 1S 
reduce the proportions of the limbs to those of unimproved wil s ee P^ 
"With mcreasing knowledge of the economic importance of 
function m terms of animal production the possibility of ar 
modification of thyroid activity has received considerable attention 
(see Blaxter, 1946) Varying degrees of hyperthyroidism may ^ 
produced by feedmg lodinated protein or synthetic thyroxine an 
hypothyroidism can be induced by feeding anu-thyroid drugs, 
notably thiouraal and its related compounds These latter substanc 
are commonly known as goitrogens since with continued use, t cy 
may produce discernible thyroid enlargement or ‘ goitre’ 

The terms ‘thyroprotein’ and Todinated protein’, although no 
specific, are frequently applied to any lodinated protem preparations 
possessing thyroid activity, which they owe to their partial content o 
thyroxine Synthetic thyroxine is now available which, being a P ur< j 


substance, has obvious advantages in respect of standardization 


and 


dosage and is generally preferable to lodinated protein (Bailey ct a » 
1949) 

The effects of thyroprotein and antithyroid drugs on cattle, sliecp 
and pigs, with particular reference to possible practical applications, 
have been reviewed by Blaxter ct al (1949), Blaxter (1952) and Win- 
chester and Andrews (1953) 

The natural occurrence of goitrogens is discussed later ul relation to 
thyroid dysfuncuon 

Discussion of thyroid function here will be limited to aspects of 
particular interest in relation to animal production 


GROWTH 

It has been established beyond doubt that the thyroid hormone a 
essential for growth during early life in man, monkeys, ruminants, 
rodents and birds (Pitt-Riven and Tata, 1959) 
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The maturing skeleton is particularly sensitive to thyroid deficiency 
and depriving a young animal of thyroid hormone by surgery or by 
feeding diets low in iodine or high in goitrogenic agents greatly retards 
growth as a result, at least in part, of delayed osseous development 
(Underwood, 1956). Becks ct al. (1950) have suggested that, in bone, 
pituitary growth hormone stimulates growth only, while the thyroid 
controls both growth and differentiation. Lascellcs and Setchell 
(1959) noted that hypothyroidism in lambs, induced by feeding methyl- 
thiouracil to pregnant ewes, delayed maturation of the bone to a 
significantly greater degree than bone growth. 

The possibility of using protein-bound iodine values, as an index of 
thyroid activity, to determine the potential performance of beef cattle 
and of pigs, has been suggested by Kunkel et al . (1953) and Gawienow- 
ski et al. (1955). Kunkel et al. compared serum PBI levels with the 
rate of live- weight gain in both individual animals and in groups of 
beef calves. Groups which showed a wide variation in protein- 
bound iodine exhibited wide variation in rate of gain, and in ten 
individually fed Herefords a high correlation between efficiency of 
gain and PBI levels was found. 

Since protein-bound iodine levels vary with age, the period at 
which they are determined is of some importance. Gawienowski et 

( X 95S) related average daily gains and certain body measurements 
of pigs to serum PBI levels, but as these were determined at the time 
of slaughter (at 215 lb. weight), they do not necessarily reflect the levels 
m young animals upon which any predictions of performance could 
be based. 

Singh et al. (1956) found higher diyroid activity in ewes related to 
faster weight gains in twin lambs probably due largely to increased 
milk consumption (see below) ; ewe lambs with higher thyroid activity 
gained faster than those with lower thyroid activity. 

Although existing data are insufficient to support definite conclu- 
sions it seems there is an optimum level of thyroid activity for both 
growth and efficiency of food conversion, deviation from which is 
associated with lower rates of gain. 

Kctardation in growth has frequently been associated with hypo- 
thyroidism due to iodine deficiency or sonic other antithyroid factor. 

In human infants the extreme type of dwarfism known as cretinism 
was at one time common in goitrous regions. In such areas admini- 
stration of iodine during adolescence increases the rate of growth as 
Well as reducing the size and incidence of goitre (Stocks, 1927). 
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Jovanovic et al (i953) recorded weakness, mco-ordinatton and 
stunted growth in various domestic animals associated wit g 
and Eward (1928) noted that potassium iodide fed to pigs in a mu y 
lodme-defiaent area resulted m greater growth and in feed econo 
even though no observable signs of goitre were apparent £ 

In some cases admmistrauon of goitrogens has produced signin 
mcreases in efficiency of food conversion by pigs without mar 
decreasing rates of gam, but administration for more than six w e 
has usually depressed growth rates The feedrng of goitrogens ^ 
weaners has given unfavourable results (Winchester and An rets , 


*9S3) 1 n 

For the most part results of goitrogen administration nave ^ 
inconsistent in all species possibly because the optimum conditions o 
age, dosage and duration of administration have not yet been esta 
lished 

In view of the changing rate of thyroid function with advancing 3 S C| 
Winchester and Andrews (1953) have suggested that a thyroprotein 
goitrogen sequence might result m more efficient gains than tno 
obtained with either material used alone Much more research 
needed, however, before any major practical possibilities can emerge 
Besides total body weight the growth of certain tissues, notably the 
skin and its covering, is also markedly retarded in hypothyroidism- 
Poor growth of wool or hair and poor condition of the skin are 
charactensuc symptoms of iodine deficiency Administration ° 
iodine has been reported to have a beneficial effect in delayed shedding 
of hair among young cattle in a tropical climate (Matson, 193 */ 
Wool production, because of its special importance, is considere 
separately m a later section 


MILK YIELD 

Stimulation of lactation in a cow by the administration of thyroid 
hormone was first reported in 1896 by Hertoghe whose observations 
remained almost unnoticed until Graham (1934) described the effect 
again in greater detail Subsequently it was estabhshed that thy* 01 
activity is an important factor in regulation of the rate of nnlk secretion 
(sec Foilcy, 1956), and a great deal of attention has been paid to th c 
possibility of artificially influencing milk production by administration 
of thyroxine or lodmatcd protein. The effect of thyroxine administra- 
tion is greatest during mid-lactation (Herman ct al , 1938) but the 
response is highly \ amble c\cn under identical environmental con- 
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ditions. With continued administration there is a diminution in 
response and most of the evidence suggests that long-term stimulation 
does not result in substantial increases in production (see Blaxtcr, 1952). 

Bartlett and Hutton (1959) who investigated the effect on lactating 
cows of subcutaneous implantation of thyroxine tablets found that a 
dose of 280 mg., judged to be comparable with a daily oral dose of 
about 70 mg., appeared to give satisfactory stimulation without undue 
ill effects. They confirmed, however, that the milk stimulating effect 
is reduced or rendered negative after a period of about 12 weeks by a 
decline in die natural secretion of the recipient’s thyroid gland. A 
similar response was noted by Leech and Bailey (1953) who reported an 
extensive investigation of die effect of treatment with thyroxine and 
iodinated casein on the health of lactating cows in wliich they found a 
slighdy increased incidence of digestive and metabolic disorders and a 
slightly decreased incidence of mastitis. 

It may be concluded that the value of thyroxine or iodinated protein 
to stimulate milk yields in catde is limited and use should be selective. 
Advantages are likely to be restricted to individual cases and circum- 
stances; in. general any overall increase in production, and profit, is 
likely to be small (see Blaxter, 1946, 1952). 

In sheep and pigs stimulation of milk yield by this means has been 
used to indirect advantage in increasing the growth rate of their off- 
spring. Hart (1957) has shown a lactopoietic effect in ewes implanted 
with thyroxine after lambing and Labban (1957) found tliat feeding 
thyroxine to the lactating ewe increased milk production and increased 
the weight at weaning of the lamb by about 5 lb. Similarly, the use 
of thyroprotein to increase milk production of lactating sows In order 
to accelerate the rate of growth and weight at weaning of the young 
pigs has also been reported (Johnson ct al, 1959), although negative 
results were obtained by Dudley et ai. (1959). 

A similar effect due to natural variation in thyroid secretion rate has 
been demonstrated by Singh ct al. (1956) who found that Shropshire 
ewes with liigh thyroid activity tended to produce faster-gaining twin 
Iambs than ewes with low thyroid activity. No relationship was 
apparent in the case of single lambs, suggesting that although ewes with 
low thyroid activity may produce enough milk for a single lamb, this 
may be a limiting factor in the successful rearing of twins. 

Pipes (1956) found a significant correlation between thyroid activity 
of dairy cows and peak milk production during subsequent lactation, 
and the possibility of predicting the milking performance of cattle by 
703 
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determination of their thyroid secretion rates has been discussed by 

Sorensen (1958). , 1 e 

Lowered milk production is a frequent symptom ot oimcai 
deficiency in lactatmg animals (Shand, 1952; Jovanovic ct a , 195 J 
Suleimanova (1956) found that producuon of both milk and tat 
improved when cows in an iodine-deficient region received supp c 
mentary potassium iodide during the grazing season. 


MILK QUALITY 

Graham (1934) showed that the increased milk yield of cows 0 
lowing administration of thyroid hormone is accompanied by 
increased yield of milk fat. This finding was confirmed by Folley an 
"White (1936) and by other workers, using both thyroxine and 10 
ated protein (see Blaxtcr ct a \ , 1949), but there is considerable disagree- 
ment regarding the extent and duration of the m crease. In some cases 
the mcreasc in fat content is proportionately higher than that °f > 1C 
thus increasing the fat percentage to a significant extent (RcineKC, 
1942, Van Landingham et al , 1944). Low doses of thyroid hormone 
in parucular, may mcreasc the fat content without increasing mn*- 
yield (Smith and Dastur, 1940, Reece, 1944) and there is some indica- 
tion that cows with low-fat milk show the greatest response. 

There is relatively little change in other milk constituents (s cc 
Blaxter, 1952) although Policy and White (1936) and others have 
demonstrated an increase in solids-not-fat largely due to increase in the 
lactose content 


Bartlett et al. (1949) found, in eight experiments with grazing cows, 
an average increase of o 10 per cent fat, and in five experiments on 
indoor rations an average mcrease of o 46 per cent. The SNF pet 
centage showed slight increases in ten out of thirteen experiments, the 
average mcrease being o 04 per cent Blaxtcr (1952) has suggested 
that the exaggerated response in fat content when the cows were on 
controlled mdoor rations may have been related to a state of phyuo- 
logical undemutntion which is known to mcrease the fat content o 
milk 


It could be expected to follow from the above observations that in 
the contrasting state of thyroid hypofuncuon due to iodine deficiency 
a deterioration in quality of the milk would occur, particularly ^ 
regards its fat content, which could be corrected by the administration 
of iodine Several early workers, in fket, observed the effects of feed- 
ing extra iodine to lactatmg cows and reported the yield of fat t° 
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some instances recorded also an increase m sol,ds no tat 1 

and Ducrue, 19*8). Since adnnnntranon of ^ 

2 

Minakov, 195a)- , , c effects of feeding an 

Wendt (1929)1 ^o reported the J to 

iodized nuneral imxturC ( C ° f 1 ^ emphasized the necessity, if 

dairy cows over a pmod °f thre y inixture trough at 

full benefits are to be obtained, to / Q . 2 \ observed an 

„„ ^ P ™a »d « s ‘SS™ rf 

mcrease m the fat content of mil j?. , „ In support 

potassimn iodide to cows to control g°') re m , -i j stu ff y found the 
of these observations Sorensen (1958) m a 0 flactating cows to 

thyroid secretion rate and the iod ne req— V f t t nol'vorthy 
be closely correlated with butterfat pro 11 B i^Bhcr in Channel 

diat the level of circulating protein- ° UI L n5cn ’ s findings, however, 
Island dian in other breeds of ca«fe- , g \ obviously, not 

were not confirmed by Lennon and ( fo vr oid dysfunction or 

every case of low-fat milk can dieury 

iodine deficiency, but it is apparen P ^ j ow cost . At the 

iodine may eliminate one possib ’ t j qua lity of milk 

same time, not the least effect of iodine “£1 hi already 

is the increase in content of iodine itself to winch rctcrence 

been made. 

WOOL PRODUCTION Important 

Thyroid activity has . rc Pe at ^ ^™ (l S ’“oJ 1 fomid diat mild hyper- 
effect on wool production. Maq d ( 95 ) rcsu ] tc d in a 

ihyroidism resulted in an mcrease, ^ affected- and Ferguson 

decrease in fibre lcngtli but die diameters development of the 

e, d. (.956) noted a ..larked diyro.d follicles, .heir 
wool-producing follicles, paru JT hormonc in excess of dial 
normal development requiring 1 “> r °‘“ bl " ”* 7,°“ ) )u5 suggested that 
needed for body growth 111 genera . ( 1 produced 

at a reduced rate, lodme nu> be ‘ cubolism but alio act 

dijtosinc may dun not only increase toincie meia 
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as a source of iodine It seems unlikely, host ever, that , lo J ““ j“ 
structural purposes need necessarily be provided throug 1 1 c 

agency of a hormone .u, ravine 

Hart (1957) found that in Romney sheep treated with “V 
implants there was a definite improvement in wool grade am 
to as much as half a commercial grade interval He has sugg ’ 
however, that there may be breed differences m the response o w ^ 
growth to thyroxine in regard to both weight increase an 8 _ 

improvement No such improvement was noted in similar o * c 
aons on Cornedalc sheep by Coop and Clark (1958) Ferguson l 1 ^ 
found that thyroxine treatment caused an increase in feed inta e ncc ^ 
sary to mamtam body weight and the net efficiency of w ool 8 r °^_ 
declined Myers and Ross (1959) have emphasized the possi O' 
that the observed effect of thyroxine on wool growth may, at C3S 
some instances, be due to its corrccnon of a subclmical iodine deficiency 
or to its action in overcoming some other goitrogenic factor, m ^ 
trials comparing the effects of thyroxine and iodine administration ^ 
Romney ewes they found no significant effect on fleece weig 

Hart has suggested that in many fat-lamb producing areas of New 
Zealand the use of thyroxine as a means of removing surplus weig 
pnor to tupping may be justified on this score alone, any improvem 
in wool growth or grade being a welcome additional return Co F 
and Clark (1958) point out, however, that when feed is scarce or in o 7 
moderate supply and especially when the standard of pasture contro 
and efficiency of pasture utilization is already high, thyroxine is n 
likely to increase overall efficiency The carrying of additional sto 
is more likely to increase the efficiency of pasture conversion cX £ e °. 
in the case of the over-fat ewe or where there is a temporary i ce 
surplus 

Although there is thus some doubt about the effect of thyroxine m 
increasing wool production there is no doubt about the deleterious 
effects of iodine deficiency Numerous authors refer to the scanty 
wool seen in iodine deficiency and Hopkirk and Dayus (1930) observe 
that iodine-deficient lambs may have coarse Lair instead of die norm 
lambs wool. Lowered wool production in enzootic iodine deficiency 
was noted by Jovanovic et al (1953). It is apparent from the work 0 
Ferguson et al (1956), referred to above, that deficiency in the growing 
lamb may permanently reduce the quality of the adult fleece due to 
incomplete development of the secondary wool follicles 
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impairment of thyroid function m farm ‘ S ,“h= 

mteresting that complete thyroidectomy is no in P j anat ; on 
production of apparently normal offspring, t le P r f oeta l thyroid 
being that, in the presence of a sufficient supply of lodme, foetal thyroid 

function may he adequate to maintain pregnancy 
There is, fact, some evidence that ^ 
contribute to the requirements of a thyroid- e ci 
man el (1945) found - a heifer thyroidectonuzed on the 1 46th day 
of her &st pregnancy, that growth was stauc for a of abom 20 

weeks but was resumed during the last ten wee -so g ^ ^ 

parturition no further growth took place unti e P 

subsequent gestauon when it was again resumed. A ^arobserva 
non on a thyroidectonuzed goat was reported by Remeke and Turner 
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a reaorocal balance between the hormones of the pituitary, *te o v ^ 
and the thyroid Imbalance m this hormonal mechanism ^ 
necessarily result m complete reproductive failure, but ^“ally 
great irregulanty Meitcs (i953) has suggested that t yroi y 
tion may both reduce the secretion of gonadotrophic hormones y 
pituitary and alter the gonadal response, but the precise interr 
ships involved remain to be elucidated It seems that the p P 
influence of thyroid acuvity on reproduction is in relation to 
malian intra-utenne development The effect on ovulation is r 


tively less both in mammals and in birds 

Abortion and stillbirth have long been recognized in associa 
with iodine deficiency although m other cases the gestation pcrio ^ 
goitrous young may be prolonged, probably depending largely on 
stage of pregnancy influenced (Allcroft et al , 1954) ^ 

Jovanovic et al (1953) in their investigation of enzootic goitre 
various domestic species noted decreased libido in males, su Pj >r 5 SS1 t 
of signs of oestrus and a high percentage of sterility Iodmc-dc a ^ 

sows farrowed small litters with evidence of progressive mortality 
other embryos having occurred during the course of gestauo 
Stewart (1959) has also reported that there is increasing evidence 
disturbances of the dietary intake of lodme and other minerals can 
affect the fertility level m cattle and Sulcimanova (1956) found 
reproduction in cows m an lodme-defiaent region improved when c ; 
received supplementary iodine during the grazing season 


THYROID DYSFUNCTION 

The physiological state associated with normal thyroid function u 
termed euthyroidism, and aberrations from this state related to 
inadequate or excessive thyroid secretion are known as hypo- 3X1 
hyperthyroidism respectively In man, disordered function and struc- 
ture of the thyroid are encountered more often than abnormal activity 
of any other endocrine gland (Astwood, 1954), and Andrews (l95°) 
has suggested that deviations from normal thyroid function ar c 
probably more common in domestic animals than is generally 
believed Both hypo- and hyperthyroidism may be associated wi 
thyroid enlargement or goitre, but whereas both conditions occur 
widely m man, hyperthyroidism appears to be comparatively rare 
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dated with an increase in its size b , 0 f hypo- and hyper- 

mcnt associated widi the function to hyperthy- 

thyroidism referred to above. - S -a the* toxic’ features of 

roidism, is so called because of its associa d thyroid enlarge- 

increased heart rate, tremor and hyperexci ltab ““J,’ roi d cLcer will not 
ment due to this condition, to thyroiditis, or J tee „ ^gnefl as 
be considered here. ‘ Simple ■ ^ ^ nejther inflammatory 

‘ any enlargement of the thyroid g an f . T fl e genesis of 

nor y mahgn g ant andnot associated ^‘^“^andhyper- 
simple goitre is essentially a proce > f hormo ne or to 

plasia, in an attempt to h“tCface of atonishing supply, 

secure an adequate intake of iodine u ^ .jjy 

When the hormone-iodine balance is ,^1 “^s D me per- 
reverts to a state of normal activity although there may P 
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endemic goitre areas and by the unequivocal demonstration that 
administration of iodine prevents goitre (Trotter 1959 ) 1S 
generally accepted that the level of dietary iodine is o paramo 
importance for the proper working of the thyroid gland (Pitt- v 
and Tata, 1959) . i v 

Simple deficiency of iodine may occur when the available SU PP ^ 
is inadequate for normal requirements or it may become apparent o 
when the requirement is increased by the demands of lugh-leve P ro_ 
duction, especially lactation and intensive breeding , 

Elmer (1938), dealing with the human, pointed out that loss of 10 
in milk can result in depletion of the mother s iodine reserve inducing * 
negative lodme balance which should be compensated by an increase 
iodine intake It is to be expected that tins consideration might app Y 
with even greater force in the case of the dairy cow and experience 
several countnes has suggested this to be the case Reference is ma ® 
elsewhere to the increased incidence of goitre in calves in Finland vn 
the development of intensive dairy farming and, in Austria, Hausmann 
(1937) noted that goitre in calves did not occur under primitive con 
dmons of feeding but only on farms where concentrates were used an 
high milk yields aimed at 

Minakov (1952) observed the occurrence of goitre in calves at an 
experimental farm where between 1937 and 1941, the annual mu* 
yield per cow was increased from a httlc over 5 000 lb to near y 
9 000 lb "When the higher yields were reached goitre appeared m c 
calves suggesting the iodine intake to be insufficient for the develop- 
ment of the foetus and the simultaneous production of a high 
yield During the war a scarcity of concentrates led to lowered yiel * 
— and no goitre After the war when high yields were again acluev c 
the goitre reappeared Minakov noted that with increase in 
yield the iodine requirement mcreased more than the requirement o 
other organic and inorganic constituents 

Certain goitrogenic substances, which are discussed below, may c 
considered to induce iodine deficiency in so far that they prevent c 
uptake of iodine by the thyroid gland and that their effect may be 
o\ crcomc by mcrcasmg the level of iodine in the diet , 

Trotter (1959) considers that iodine deficiency however produced, 
is probably die major cause of human sporadic (as well as endemic) 
goitre Certainly an overwhelming proportion of thyroid dysfunc- 
tiou in farm hv cstock may be overcome by suitable augmentation 0 
their dietary iodine intake 
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Goitrogens. Reference has teen trade “^to Con _ 

thyroid drugs for the artifici supp goitrogens which are of 

sideration is given here to natur y ^he recognition of 

practical significance to the hvestoc ' discov by Chesney et al. 
goitrogens in foodstuffs stems from developed goitre, which 

(x 9 28) that rabbits fed exclusively 

was followed by the demonstration g 8 nus ( se e Greer> I9J0 ). 
foodstuffs, notably m members o out b t eak of goitre in 

Hercus and Purves (1936) repot , been f ed exclusively on 

lambs fiorn ewes which had for som laboratory to the farm to 

turnip roots. Young rabbits ^ ^ 

be fed on the same turnips developed gmauye.nas ^ ^ New 

within 60 days. Dayus (1937) J so ^ iodine deficiency was 

Zealand in which some factor m addiuon to “ of swedes, rapc 
suspected, believed to be associated with the feeding 

and turnip tops. snorted the isolation of an 

In 1949 Astwood and hts coUeag a( swe de) ^dwliite 

antithyroid factor from the edible .^fl rape. The 

turnip!' and from die seeds of turrnp, f^^^sTsVs-inyl-a- 

identity of this subsume was ^ som e other 33r«hm seeds 

thiooxazolidone. It was not then ^ cauliflower or broccoli 

nor in the edible portions of ca g » * ibbace kale and other 

(Astwood et aU 1949), but its idcnttficauonin bb g • aJ 

species has since been reported ( V ““"''’in a combhied form 
1959). Vinylthiooxazolidonc exists >» P ^ itrogcn ic activity 
from which it is liberated by enzyme I , enzyme, 

is destroyed by cooking due to inacnvatio goitrogen 

Widi increasing knowledge and experience two types g 
have been recognized: 
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Wright and Sinclair (1958) considered kale to contain a 
the thiouracil type from the pattern of uptake of iodine 
thyroid and its discharge by thiocyanate, which view has e 
stantiated by the work of Virtanen et al (1958) referred to 
This however, does not explain the experimental and clinical nn & 
that the goitrogenic effect of kale is prevented by 1° e ^ 
(Shand, 1952, Sinclair and Andrews, 1954) Although there is s ^ 
indication that lodate affords partial protection against the goitroge 
effect of thiouracil m sheep (Wnght, 1959), it seems probable 5 _ 
contains goitrogens of both types, the iodine-responsive fraction ^ 
of predominant clinical significance The most important goitrog 
factor in kale is, in fact, probably thiocyanate which this an o ^ 
members of the Brassica genus have been shown to contain in app r 
able concentration (Michajlovskij and Langer, 1958) r 

Clements and Wishart (1956) consider that a significant amount^ 
goitre in Tasmanian children is due to a goitrogen in the milk o co 
feeding on chou-moelher (marrow-stem) kale and on some cracnerc) 
weeds Calves of cows fed chou-moelher also developed niar 
thyroid hyperplasia Wnght (1958) has suggested that the chn 
appear to have been already suffering from inhibition of iodine bin & 
and that the milk contained a goitrogen of the thiocyanate type 
inhibiting thyroid uptake of iodine and discharging unbound 10 
already accumulated — possibly denved from iso-thiocyanates in 
forage plants Clements (1957) considers that epizootic goitre 
lambs in south Tasmania during 1956 was also probably assooat 
with the ingestion of cruciferous weeds 

Care (1954) showed that linseed is goitrogenic for sheep, the g olCrC ^“ 
gen being thiocyanate produced by detoxication of cyanide liberate 
in the rumen and Flux et al (1956) have demonstrated a goitrogenic 
effect of white clover also related to its cyanogenetic glucoside content- 
Cunningham (1955) notes that goitre in lambs does occur when c 
ewes have been fed pasture containing clovers, but whether this is 3 
result of iodine deficiency or of antithyroid substances or of both is not 
determined He suggests that increases of the cyanogenetic glucosi c 
content may in some years be a precipitating cause of goitre in 3® 
environment where iodine intake is borderline Vandersall et d 
(1958) ha\ c noted that a reduction in milk production observed wi 
abrupt change to grass-legume silage cannot always be attributed to 
lower digestible nutrients and as a result of determination of depressed 
lodrnc 1,1 uptake they have postulated that a goitrogen may be formed 
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break of goitre in foals fed heavily om 8^^ wkll t ] le occurrence 
O tlicr dietary factors which have , i ls ij lta ke, although 

l-“5 SS? 11 

systematically applied. Allcroft Hignett and Scarnell) 

Hignctt (1959) (referring to wor * 9 *^ by fading 

reported the experimental P r ° d "f wh ich the phosphorus 
their dams (luring pregnancy >\ The results are shown 

(P 2 0 6 ) content exceeded tliat of calcium ( )■ 

in Table 27.9. crnmmaitat production 

TABLE 27.9. Til e effect of 

— r wSins., 

gm. average 

CaO>P^oT’rJ~ ltd 10 * 


P a 0 5 > CaO 


(From Hignctt, 1959) 

The wide distribution of g^S^^prod^S the course of 
19S°) and the fact that goittog of cyani d ei have prompted 

normal metabolism, as in the rewarded as being continuously 

die suggestion that animals ^ 0 g&tference ^(Salter, r 95 o), 
subjected to varying degrees ot g & . jj- D f cn dogcnously 

by that ingested 

produced thiocyanate is liKc y 8 \ 

in the food (Longer and Michajlovskrj, 1958). 

OCCURRENCE AND distribution [nany countries through- 
iS-' SSSU b considered by Allman and 
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Hamilton (1948) to be the most widespread in occurrence of an) 
mineral nutritional trouble in grazing animals The incidence 0 
animal goitre roughly parallels in intensity the prevalence of human 
endemic goitre, reviewed by Kelly and Sneddon (196°) Trotter 
(i959)» however, points out that as goitre occurs in every country 0 

the world in which it has been looked for, the difference between 
endemic and non-cndcmic areas is only relative, and in farm livestock 
the manifestation of deficiency frequently depends upon the lev cl 0 
production and hence of iodine requirement , 

The similar distribution of animal and human goitre lias been note 
by Hojer (1931), Jovanovic ct at (1953), Wicrtz (1957) ^ 

Wiertz found goitre in newborn calves in the Netherlands to parallel 
both the distribution of goitre in man and of low iodine content m 
cow’s milk. 

Goats and Channel Island cattle seem to be particularly susceptible 
to iodine deficiency, possibly related to a higher normal level of thyroid 
activity It is interesting that m countries as far apart as New Zealand, 
Yugoslavia and England, thoroughbreds have been considered resort 
prone to goitre than other horses 

Sporadic goitre due to goitrogenic substances in the diet ma) 
obviously occur without geographical distinction and is most 
quently associated with the use of Brasstea crops for winter feeding Iu 
practice, the effect of goitrogens may only become apparent in cir- 
cumstances of borderline environmental iodine deficiency Intensifi" 
cation of iodine deficiency by a goitrogen is well illustrated b) 
experience in New Zealand where an outbreak of goitre in lambs from 
ewes grazed on thousand-beaded kale vv as associated with 76 per cent 
mortality compared with 16 per cent mortality m Iambs from ewes 
on mildly iodine-deficient pasture (Sinclair and Andrews, 1954) 
eflect of a goitrogenic diet is likely to be marked if fed during the period 
when the foetal gland is developing its high power of iodine concen- 
tranon, which in sheep is during the fourth and fifth months of gesta- 
tion (Wright and Sinclair, 1959) 

A tendency to greater prevalence of todme deficiency in very wet 
seasons, noted by Hignett (1952) and Affleck (i 9s S), may be doe to a 
number of fictors, smgly or in combination, including cxccssn c leach- 
ing, loner iodine content of lush pasture and increase in the forage 
content of some goitrogen. Ceram historical variations in the 
incidence of goitre, and the occurrence of iodine deficiency in animals 
grazing cultivated land allowed to revert or be fallow referred to by 
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hormone synthesis is inadequate, will oWusly d cpcn 0 f initial 

the intensity of demand for hormone but ato on with - 

thyroid reserves. Henee a well-stocked l gbuulma V** goitrogenic 
stand iodine deficiency or the mfluenc ^ ^ Dayus 
factor for an appreciable lcngd en]ar g C d thyroids from 1.000 

reported over 100 lambs born d jovial flats for two years, 

ewes which had been on mine- flats f or only one year, 

but not from 300 ewes which rf dead or dying goitrous 

Likewise, Southcott (i94S) record f u fl and broken- 

lambs to 40 per cent of two-toothed lews when . ^ ^ 

mouthed ewes had a lambing pcrcen ag deficiency accentuated 

two observed goitres, suggesting a cumulative ddac J* ^ ^ 
by the higher metabolic requirements ° y ^ Andrew s (i95°)- 
experience with breeding sows “ s were significant increases in 
As the farrowing season progressed decrease in the iodine 

weight and epithelium height and a sig adua l depletion of the 
content of the piglets' thyroids suggesung gradual P 

sows’ stored iodine. , . , f dj ctar y intake of iodine 

It is obviously desirable that the le ^ d id reserves, 

should at all times be sufficient to main . ed lod nie deficiency are 
As the symptoms of both simple an ^ following discussion 

identical, they will be considered toge 
without aetiological distinction. 

SYMPTOMS 1 r • farm animals were 

The classical symptoms of iodine defi “ EvvaI d {1928) and an 

described by Welch (1917). «)• They fall 

lccount has recently been given by Jov M („ 0 itrc) ; poor condi- 

into four main categories: thyroi e e disturbances; andlowcrcd 

don of the skin and its covering, repr nQ known physiological 

production and vitality. As 10 c hormones, all these symp- 
function other tlian as part of the Y r 0 p thyroid metabolism, 

toms arc presumably related to a 15 wmptoms should be most 
The factors which determine that certain y ^ ^ ull a C rstood and 
prominent in particular cases are, °' v ® * between species and with- 

must be associated with metabo ? v ‘}f£ crcnt circumstances, 
in species at different tunes and in 
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Thyroid enlargement In domestic mammals, hair, wool and folds 
of loose s kin and tissue obscure the thyroid region, and exte 
appearance is not a reliable mdicanon of thyroid enlargement. It 15 
most often seen in affected lambs and calves, less often in foals an ^ 
not usually externally visible in pigs As long ago as 1928 Evvar 
drew attention to the unfortunate emphasis laid on goitre and hairless- 
ness as sole and distinctive symptoms of iodine deficiency leading to 
incorrect diagnosis when these gross manifestations are not evident 
Jovanovic et al (1953) in an examination of 2 000 cattle foun 
clinical goitre m about 5 per cent compared with 20 per cent of cases 
at post-mortem examination, and in goitrous lambs described by Shan 
(1952) increase in thyroid size was not noticeable to the eye although it 
could be felt on palpation and was perfectly obvious at autopsy 
Similar findings have been reported by Hignett (1953)* Allcroft et a 
(1954) and others Wnght and Sinclair (1958), studying the goitro- 
genic effect of thousand-headed kale, have shown that although ewes 
producing goitrous lambs may show no clinical goitre they still suffer 
considerable interference with their thyroid function 
In normal a n i m a l s thyroid weight is related to total body weight, 
approximate average values for thyroids of newborn lambs and calves 
are 1 gm. and 10 gm respectively but there is an appreciable range of 
normal variation. 


Smce thyroid enlargement is related to proliferation of its cellular 
elements it follow s that histological changes wall take place before any 
macroscopic enlargement is apparent Wiertz (1957), who com- 
pared results of estimations of thyroid weight, histological activity and 
iodine content from a senes of 627 newborn calves considered none of 
these criteria alone to be ideaL He places them in order of signifi- 
cance and time of development histology, iodine content, weight. 

Condition of the integument Poor growth and condition of the skin 
and its covering are among the most constant features of iodine defi- 
ciency This influence of thyroid dysfunction may be regarded as a 
reflection in a particular ussue of its profound effect on growth and 
maturation of the body as a whole. Setchell et al (i960) noted 
hov, ever, m observations of neonatal mortality in lambs associated with 
goitre, that although affected animals generally had a coarser coat than 
usual, many showed apparendy normal coat development. In 
extreme instances particularly when iodine deficiency is operative 
urmg intra-utenne development, hair growth ceases entirely and the 
young arc bom naked with smooth, glistening unpigmented skins 
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spicuous feature m foals. Le nclt— rough, dry, wrinkled 

ing degrees of disordered c0 " wo ol or hairiness of the fleece, 

skim with a harsh, staring coat, scanty wUcb ^ dun-walled, 

Analogous changes may be seen m 

brittle and underdeveloped. fajlurc is often the out- 

Reproductive disturbances. e P° in &rm animals, and still- 
standing symptom of iodine dcto “ Y a svmptom since the condition 

birth in particular has been recognize 1928). Actually, foetal 

was first described (see Kalkus, 1920, lading to early death and 

development may be arrested at any s > Q f w cak and sometimes 
resorption, abortion, stillbirth, or the bom ,jj ve> pregnancy is 

moribund young. 'When the young presumably depends 

frequently prolonged. The ? ' 0 f pregnancy influenced, 

upon the degree of deficiency an t e ^ portion and sterility 

Inhinland,vonWendt(i9Z9) note ai , , a ve l 0 pment of inten- 

in catde and goitre in calves assoaated with the 

sive farming. . , a cUnical syndrome m 

More recently, Hignett (i953) as dysfunction in which there 
cattle apparently associated with t 7 ? parturition with the birth 

is abortion or extended gestation, pro S membranes and a high 
of dead or weak calves, retention ot these observ atiom All- 

intidence of genital infection. S . U P? , of aborted, stillborn and 

croft et cl (1954) found a « -idenccd by 

weakly calves to be associated wi Jr histological changes in. 

low plasma protein-bound * a feature of iodine 

foetal thyroids. Retention of the P“ (, 9J9 ) who observed 

deficiency in cows has also been note y roop 0 f 252 herds given 
retained placentae to be 47 per cent ei r . 27 herds which served as 
supplementary iodine than in a group of x»7 

controls. ncv and at parturition, infer- 

As well as disturbances during P re S _ deficiency Inis been recog- 
tility in cattle as a consequence ° 10 / Dawson (i95 8 ) 

nized by Hignett (i95 2 )* Jovanovi c \ m to oestrus is com- 

others, ffignett has reported that who found a 

mon with, anocstrus in some cases, 211 J ^ on G f enzootic goitre, 
high percentage of sterility in “ N ’' s b c a characteristic feature. 

noted suppression of the signs o o . _ of thyroid hormone 

■ Experimental work showing that deficiency 
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causes aberration of the oestrus cycle (see Rcinckc and Soliman, 1953 )* 
and failure to exhibit the physical manifestations of oestrus (Spiclmaj 1 
et a \ , 1945) has thus been bomc out by clinical observation in the field 
The thyroid gland also plays an equally important part in the 
mauitcnancc of male fertility (see Maqsood, 1952) Thyroid deficiency 
is characterized m particular by a decline in libido and deterioration 0 
semen quality Hignett (1952) has noted these features as symptoms 
of iodine deficiency m bulls, and Jovanovic et al (1953) observed 
decreased libido in stallions affected by goitre 
Lowered vitality and production Physical and mental sluggishness is 
characteristic of hypothyroidism m all animals and lowered vitality is 3 
frequent accompaniment of iodine deficiency m the new bom. Litters 
of iodine-deficient pigs frequendy include a number of stillbirths with 
others dying soon after birth, goitrous foals and calves arc often weak, 
and inability to stand and suck intensifies their nutial debility 

Shand (1952) has described the cluneal pattern of lodmc deficiency 
in ewes and lambs associated with intensive kale feeding of cw c$ during 
pregnancy The ewes gave little indication of thyroid dysfunction 
until near lambing time when they became rather fat and less energetic 
with poor udder development and a very poor milk supply Th c 
Iambs were small, looked * badly done’ and earned litUe flesh with their 
skin thrown mto folds They showed great lack of vitality and be- 
haved stupidly with litdc idea about feeding or sense of direction A 
similar picture has been described by Sctchell et al (i960) Mild cases 
may recover completely with suitable care and attention, but in other 
instances early weakness and underdevelopment may persist mto adult 
life. Several authors have suggested that affected animals have an 
increased susceptibility to infection 
Numerous authors call attention to features of lodme deficiency m 
adult animals which may seriously reduce productive efficiency hi 
horses, working ability is diminished, in catde and sheep, udder 
development is poor and milk yield reduced, m sheep, wool produc- 
tion is lessened and lowered in quality, and in parturient animals 
obstetric assistance may be necessary due to oversize of the foetus, or to 
iaUure of the uterus to contract and expel the young normally (see 
, us > 1920 • Welch, 1928, Shand, 1952, Hignett, 1952, Jovanovic et 
al > 1953 , and others) ^ ,J 

Thyroid dysfunction has also been suggested as a possible factor 
contributing to a number of metabolic disorders, notably bovine 
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■ f„,i« tetany) Robertson ct al (mi) 
ketosis and hypomagnesaenua (gras y; 0 f plasma 

found that ketotic cows had sl S lufic “ % K lo wer levels of 
corticostcriods and blood acetone, “ t han control cows. - 

plasma protcui-hound iodine an involve a relative adrenal- 

Thcy suggest that ketosis in d ^“^, ot tyroidism. Allcroft ( 1947 ) 
cortical insufficiency induced y YP ma gncsimn of cattle 

considered that an observed increase . rc latcd to a goitro- 

during a period of cabbage feeding may (1:956) and Meyer and 

genic effect. Conversely, .Swan and »n under thc 

Schmidt (1958) noted a depressron _ tr ° ion the latter 

influence of thyroprotcin or thyro. tetany with periods of 

authors have suggested that die “^^ed toTincrease L thyroid 
low atmospheric tern perature may reported tetany in three 

activity (sec also Wilson, i960). feeding during the winter 

of six cows which had not received iojm < * J w hich had 

and in the only one of 15 pregnant co\ nQ ioc jin e -was adinims- 

received no iodine. Thc previous ye ■ ■ jj it seems that when 
tered, tetany occurred “hturbance D f thyroid activity may 
serum magnesium levels are low, 

be an important factor in the onset o e 0 p j odul c deficiency 

Further research is necessary to elucidate the 
in relation to diese and other disor ers. 

diagnosis , y he obvious and even 

Although symptoms describe. a ° .jj 0 f them are specific to 
dramatic, the reader will recognize be £p onl easy, especially 

iodine deficiency. Diagnosis may e Some assistance may be 

when no thyroid enlargement ' 5 apP hcre n3tura l SOUIce s of iodine 
derived from a knowledge o feeding of large quantities 

are known to be relatively poor. or . • j n these circumstances 

of crops known to be potentially go B. ^ t o increased pro- 
file precipitation of iodine deficiency ^ ,hcn be only one of 

duction. Obviously, however, 10 “““.' uch fe3tur es as poor con- 
sevcral deficient nutrients an m p ‘ , f ert ihtv may frequently be thc 

dition, lowered production and imp 

common signs of multiple deficiency. ^ newborn arc more 

Thyroid enlargement and hairless ^ whm t bcse occur 

distinctive symptoms of 10 nfidcncc Lascclles and Sctchcll 

diagnosis may be made Sue in young animals of 

(1959) have suggested also thc diag 
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changes m skeletal matunty Mention has already been made that 
goitre may be caused by specific antithyroid substances in the 100 as 
well as by simple iodine deficiency Since, however, in the majority 
of such instances the condition responds to iodine supplementation 
the diet, these may be considered for practical purposes as cases 
‘relative’ iodine deficiency It has been stressed that external appear 
ance is not a reliable indicanon of thyroid enlargement, paracu ar y 
in adult animals When post-mortem material is av ailablc histologi 
evidence of cellular hypertrophy may be observed before any S ross 
enlargement of the thyroid is apparent 
Determination of the percentage iodine content of the thyroid is o 
considerable value in supporting a diagnosis of iodine deficiency base 
on gross and histological examination A direct assessment of the 
avidity of the thyroid gland for lodmc as an indication of sufficiency or 
deficiency, can be made by measuring the uptake of radioacnvc iodine 
isotopes, but unfortunately this procedure is hardly practicable except 
under laboratory conditions 

A reasonably good index of thyroid activity is, however, provided 
by determination of protein-bound iodine in blood which, within 
limits, reflects the level of circulating hormone Although therefore 

this represents one of the few critical tests which may be applied to the 
living animal, interpretation must be guarded A low plasma PB 
level will usually indicate hypothyroidism and probably iodine defi- 
ciency, but a normal or high level may be misleading It is always 
desirable therefore also to take into consideration other criteria of 
thyroid activity Johnston et a l (1959) found PBI determination a 
questionable mdex of thyroid function and, of the various measures 
applied, thyroxine secretion rate was most closely related to metabolic 
rate Sorensen (1958) also found little correlation between PBI 
thyroid secretion, but considered, nevertheless, that in general PBI is 3 
better indicator of thyroid activity than limited experimental findings 
might suggest 

Ithasbeen suggested that determination of the serum level of butanol- 
extractable iodine as a test of thyroid function has advantages over that 
ot total PBI in that it measures only the thyroxine-like compounds of 
the serum and is not altered by the administration of iodides (see Man 
an on y, 1957) Data on this subject, however, are, as yet, inade- 
quate for any firm conclusion to be drawn (see, for instance, Reece 
and Man, 1952) 

It is also important to recognize that even with a low level of iodine 
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intake the thyroid gland, as a. i rCSU '! i t °w Tmor^or less normal rate 
may succeed in restoring an man S ^ acllievc d, however, 
of hormone output, and nence , i- Stress with consequent 

only at the expeme of endocrine and metabolic stress 

risk of imbalance and breakdown. probably due to iodine 

Summarizing, a diagnosis of hypo , consideration of 

deficiency, natural or induced, may ® plasma protein-bound 

history and circumstance; dhuca symp 1 ’ t P 0 f t h e thyroid gland 

iodine level; and histology and 10 m l„ tr ial feeding of an 

itself. Finally, diagnosis may be ret appropriate level. 

iodine preparation, usually P°“ SS1 T ° 0 S y of iodide is very low a 
Although in normal circumstances ^ thyroid gland is already 

word of caution is necessary. ^ministration of iodine may 

enlarged and highly active the ^sudden adn— ^ y 

lead to a temporary overproduction o commence with small 

effects. Treatment should therefor y. carried out 

doses which may be gradually increased, and 
under veterinary supervision. 


CONTROL OF IODINE DEFIOIENC 

CONTROL ijk1 effectively, by 

Iodine deficiency can be controlled, P Cunn ingham 

providing supplementary io me m Q p anim al goitre to iodine 

(1955) comments that the ready r=sp £ eoitrogens in the food of 
therapy has probably limite t le s econom ic question is solved 
domestic animals, since the mmiediat intake of iodine to sup- 

when iodine is fed. In ensurmg m adequate ^ ^ 
port the health and productivity j -j requirements and the 

consider both estimates of actual phy 6 i h ih the limitations of 
provision of reasonable practical allowances 
toxicity and economy. 

iodinb requirements ■ ,mder varying conditions 

The iodine requirements of grazing animals under^ exactitude. This 
of management arc not known w involved in their deter- 

is both a reflection of die technical untlcr 0 „c 

minatiou and recognition of die ta ( vJuc sinC c they would 

setofcondidonswouldbcofhnutedp of pro duction, environ- 

vary according to the type of mutual. Py mctho ds tend to 

meut and the nature of the diet. Also, exp 
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indicate minimum requirements below which certain detectable 
changes take place In practice these may bear little relation to the 
optimum requirements of high-producing animals subject to the stresses 
inherent in any system of practical management. 

Cattle The iodine requirement of a dairy cow lias been cited as 
bemg about i mg per day or 50-100 |xg per 100 lb body weight 
This figure is derived largely from the calculations of Mitchell and 
McClure (1937) who applied the minimum iodine requirement of rats, 
determined experimentally by Levine ct al (1933), to the estimated 
heat production of a dairy cow giving 40 lb of milk daily, and from 
Gnem et al (1942) who calculated the requirement of a 1,000-lb cow 
from data relating to the lodmc requirement of humans 

Apart from species considerations, Butler cl al (1956) emphasize that 
no account is then taken of goitrogcns 111 the feed, nor is account taken 
of the loss of iodine in milk to which reference has been made earlier 
Sorensen (1958) found the iodine requirement of lactatmg cows, 
calculated from their thyroid secretion rate, to be closely related to 
butterfat production According to Sorensen the iodine requirements 
of cattle are 



mg iodine per day 

Calves 

Bullocks 

Non pregnant hcifcn 

Pregnant heifers (excluding 
foetal requirements) 

Lactatmg cows 

0 3-0 8 

10-12 

1223 

1 3-4 6 

1 mg iodine per 

2 s kg (5 5 lb ) 
of milk of 4 per 
cent butterfat 


In iodine balance experiments, Simon (1954) found the retention of 
iodine by four l-i^-year-old cattle to vary from 329 to 888 fig iodine 
per day on winter fodder and 539-1,036 jig per day on summer grass 


Sheep The iodine 


requirements of sheep, not subject to 


such 


recessive demands as the ditty cosy, may be correspondingly nearer V 
dte theoreneai minimum requirements (50-100 jig per day) calculated 
by Mitchell and McClure (1937), but the &equency F with which sheep 
are ted on goitrogenic Brass, a crops and the trend to increased lambing 
percentages and improved milking performance must raise the reqrnre- 
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-™drWablv. Sinclair and 
ment, at least of breeding owes, ^ "toLe in newborn 
Andrews (1958), referring to 4 “ P d oses Q f 3 <; 0 nl g. potassium 

lambs from kale-fed ewes, fou f d * ^ ^ 0 f the fourth month, of 

iodate, one given at about 1 . ie effsm ” Brass ica crop), and the 
pregnancy (when ewes were month of pregnancy, effecttvely 

other at the bcgmmng of the fi reduced the symptoms 

prevented mild to moderate goitre , mor tality. 

of severe goitre and prevented heavy at fortnightly 

Myers !nd Ross (+959) ^ » 0 ^ 

intervals, after an mjccnon of xoo “S riod of one yea r durmg 
ciency, adequate for sheep “ w ith extra feeding in the form 

which they were run on ordinary p 

of hay, mangolds and turnips mac „jg S w as calculated by 

Pigs. The minimum iodine req>nr f 0 he 0-08-0-16 mg. 

Mitchell and McClure (1937). “ ° , est there is evidence that 

iodine per day and Beeson ^9 53 1 o-a mg. iodine 

the requirement for pregnar somewhat less for growing pigs, 

per 100 lb. body weight and * Schneidemann (i95 2 ) found 

In iodine balance experiments, ’ ge about 1 mg- iodine and 

the daily retention of a growing pig . ^ iodil( . requirement of 

Sorensen and Moustgaard (+957) thvroid secretion rate to be 

5-month-old Landrace pigs &°m then tny 
0*93 mg. iodine per day. 

toxicity tc hv the administration of excessive 

Itis possible to induct = f many other food substances, 

quantities of iodine and iodide of iodine preparations may 

and, in therapeutic dosage, pro on S n- ccs to discontinue treatment 
lead to iodism, in which case it usu y - dona i levels, however, the 
for a few days (Gamer, TO- Green, 1938). Forbes 

margin of safety is very wide (Oir a ., v ^ abiUty (Q tolcratc 
et al. (1932) found that individual cos Thirty ml Uigrammes per 

iodine from 0-65 gm. to 2-13 gm- P“ >■ but with few exceptions 
100 gm. live weight was excessive ’ d Lambs given 33 mg- 

m mg. per 100 lb. live weight was tol oraUc cffcct , but they 

supplementary iodine daily showcd ivcn in two doses per week, 

would not tolerate die same total quanu^ B p0 mg od mc 

Thomson (.93+) rcpor.cdfavourablc^ffccu (q a h „ d of Jany 

per bead per day in the form of “ m 

cows throughout five complete lactauons. 
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Malan et al (1935) found that doses of 2 nig , 20 mg and 60 mg 
potassium iodide given daily to Mcnno cw cs for a penod of 30 mon 
had no effect on their weights, wool production or reproduenon an 
considered that ill effects ascribed to iodide feedmg 111 earlier work were 
related to a concomitant deficiency of vitamin A In a fur tlicr expen- 
ment (Malan et al , 1936) reproduction was abnormal in ewes receiving 
a potassium iodide supplement of 50 mg daily for twelve months anu 
especially so with a diet low in carotene, but no other adverse effects 
were noted This work suggests that the safety margin in respect 0 
iodine administration to sheep is approximately 50 times the nutritional 
requirement and the available data indicate that a similar or wider ratio 
applies also to other classes of livestock. 

It may be concluded that with levels of iodine recommended for 
nutritional purposes the danger of toxicity to normal animals docs not 


PRACTICAL CONSIDERATIONS 

It has been suggested that prophylaxis in respect of iodine deficiency 
is unnecessary in the absence of clinical manifestations or except w 
certain well defined regions From the above discussion, however, 
it is clear that the appearance of cluucal symptoms represents an ad- 
vanced state of thyroid dysfunction which may be preceded by appre- 
ciable econonuc loss Also, the use of large quantities of goitrogenic 
feeding stuffs may induce a relative deficiency in areas where the natural 
sources of iodine arc in other circumstances, entirely adequate 
Shand (1952) has pointed out that shepherds have long known of the 
danger of feeding to pregnant ewes too much of certain crops, many of 
which are now known to contain antithyroid substances 
It may be accepted therefore that a nsk of iodine deficiency exists 

(1) In lodine-defiaent areas widespread throughout the world 
(a) In marginal areas where intake is adequate to support natural 
existence but not to support enhanced levels of production 
(3) When the food consumed contains appreciable quantities of 
goitrogens 


The effect of goitrogens is obviously most marked when super- 
imposed upon high level production or m marginal areas and it seems 
that the natural supply of iodine is rarely adequate to offset a combina- 
tion or these factors 

The possibility of ensuring an adequate iodine intake for grazing 
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The „*ble evidence »ES“ *“ “al«f e" nc.le . „ef.l 
zets, notably Chilean nitrate o so however, supplementary 

i^ h J^-!=5£5:£S2i 
SSftK h ” l “ “ f "" J 

by Myers and Ross (i959)- f 0 f potassium iodide 

Iodine is usually added to foodstuffs m die to™ .P^ ^ been 
although other compounds, particuary p -Whenpotas- 

shown to be satisfactory (Wright and Andrews, ^ especially 
sium iodide is used, considerable losses of ^ 

in a warm or damp environment, y vo is ’ su itably stabihzed 

action with other substances uni intrinsically stable and they 

(Kelly, 1953). The iodates are, ° several countries under- 

have been adopted as a source of y , modoa> The use of 

taking the iodizatiou of salt for luman a j 0 dides, is to be recom- 
iodates in animal feeding, in preferen which may be 

mended particularly for the manufacture ^"ons ( J vid _ 
exposed for long periods to unfavo 

son et al, 1951; Holman and McCartney^ ^ ^ cominittees ou 
In the United States the Natl r; nr Wd salt containing 0‘0i5 

animal nutrition have noted that t e use o ^ ^ of the grain ration 
per cent of iodine incorporated P ^ w hen the iodized salt 

has proved effective in P tev “^ S duct containing o-oi per cent 

r4 

the dairy cow, 3 i tunes th B the optimum requirement of 

above), but it is unlikely that dm 0 f animals consuming 

high-producing dairy cows In Britain the recommcnda- 

quantities of goitrogenic f iodin e in a.ooo parts of 

non most generally adopted is one par 

salt, or O-OS per cent (Cuth b 0 n to die existence of borderhne 

Several writers have draw Q f prophylaxis 

iodine deficiency in coua® m which ^ ^ 

has already been adopted- pcnnittcd in in b,cral mixtures may 

S jtlS. «>«>• Myers and Ross (.939) have referred to 
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the occurrence of thyroid enlargement indicating the continued exis- 
tence of sub-optimum intakes of iodine 
Peltola and Vartiainen (1954) noted that thyroid enlargement 
cattle in Finland has not been prevented by prolonged use of miner 
supplements providing about i 5 mg iodine per head per y 
Minakov (1952), on the other hand, found that administration to cow 
of 1 ml of a 1 per cent solution (10 mg ) of potassium iodide per ) 
successfully controlled goitre in then calves and was associated wi 
an increase in the fat content of their milk. ^ 

Further study is required to evaluate the economic significance o 
borderline iodine deficiency, the remarkable affinity for iodine o c 
thyroid gland and its sensitivity to deficiency are highly suggestive 
In view of the low cost of providing the small quantities of 10 me 
required for dietary supplementation there is no reason why the ns 
of thyroid stress due to lodme deficiency cannot be almost entir y 
avoided. 

Although available information on the varying iodine requirements 
of farm livestock is far from adequate, tentative suggestions may 
advanced for practical guidance (Table 27 10) 


TABLE 27 10 Iodine requirements of farm livestock 


Class of 
livestock 

Probable daily 
requirement 
(mg iodine) 

Suggested daily 
allow ance 
(mg iodine) 

Dairy cows in milk 

2-20* 


Other cattle 


2-10 

Breeding ewes 

1-2 


Other sheep 


1-2 

Breeding sows 

1 2 


Other pigs 

0 s-x 

1-2 


* According to milk yield 


The suggested allowances wall provide a reasonable margin to meet 
normal contingencies and adverse factors but might be inadequate m 
exceptional circumstances as, for instance, when goitrogenic foods 
comprise a high proportion of the total diet of pregnant animals 
In theory the desirable level of iodine supplementation, particularly 
for dairy cattle, will obviously \ ary w idely between individual animals 
in a herd For practical purposes, when concentrates are fed in pro- 
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portion to milk yield, a general recommen dawn 
potassium iodide, or equivalent, per ton The higher level 

P p p m lodme) would Ld large 

should be employed when, feeding y 

’■srfss' 3-, . ^psS: 

their raaon tins can usually b = ^aboveJlowances may then 

contribution, to their iodine intake 

“^stock are at pasture, particularly ^^££5 

animals m lodme-deficient areas, and w en g lsa ble In British 

access to adequately iodized licks becn f ou nd generaUy 

practice, levels of 250-500 p P m 
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CHASTER TWENTY-EIGHT 

Plant Toxicology and Photosensitivity 


R. J. GARNER 


, M enetic. alncesides, diseas' a, Miens 

Introduction — Pasture plants: oestrogens an buttercups, umbels, ragwort 

-Co, on weeds of pasture: bracken and horsetmts. 

Trees and shrubs, Forage crops— 


• i lv in recent years following the 
In veterinary toxicology, ferae at y preparations which are potcn- 
introducdon of commercial agne bas been a tendency to relegate 

daily extremely dangerous to sto ' Qr importance; there is, for 

poisoning by plants t0 A 1 ^mtoMcGirr’s review (l95<5) of present- ■ y 

example, no mendon of th MJIshed statisdes indicate that ma 

toxicity problems. Althoug P uKS z pcr cent or less of the total 

from cases of plant poisoning toxicological analysts and sub- 

number of specimens 1 ^ ^ d l5 u ally no 

sequendy confirmed (see, for examP lossc5 ^ sufrcrc d annually 

lack of evidence to demonstnK Utde doub t that plant poisoning 
from this cause. Further there M ^ gmcrlUy supposed but, since m 
occurs much more frequ Y ^ tox ic material arc ingested at any 
most cases only smaU quanttucu bcyond ^ st age of dullness, 

one dmc, die symptoms not recognized for wltat dtcy 

general utalaUe and mappetence 

reflect. , . -resented by plant species to grazing stock. 

What arc the hazaz P ^ [Q | cjm Jut it is not unknown for 
It comes as a surprise to 1 ) which consutute die greater part of 

some of die grasses ofgr0 wth. under certain climauc 

permanent pasture, a ^ ^ Qu; . ^rious disorders m hsaiock. 

conditions or on cc 
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Many of the various forage and root crops used to supplement grazmg 
if improperly prepared or stored or for other reasons not at all under 
stood, may similarly become dangerous to anlinals consuming 
Other and more obvious hazards ate presented by the “ m “° 
of pasture, by hedgerow plants, by trees, bushes and shrubs g 
either in the same field or on adjoining premises in. a situation acc 
to stock, and by no means least, by the careless and irrespo 
disposal of garden rubbish and the trimmings from orname 

shrubs t u.-. 

Weeds, shrubs and the like are especially attractive to animals in u* ^ 


spring, after a winter off pasture At such a time, 


; Klussendorf 


(1956) says, ‘anything green looks good, whether or not P rcvl , 1 
expenence proves it so’ Later in the year, when the grass has see 
and there is a scarcity of young green herbage, grazmg sto 
again turn to other sources of lush green food, but it is by no me 
always a shortage of wholesome greenstuff which drives them 
noxious plants Forsyth (1954) cites nian y examples of anim 
vclopmg a perverted taste for highly poisonous and even unp ata 
weeds 

Cattle are most frequently affected by plant and fodder poiso g 
Bohosiewicz (1955) states that the plants most commonly causing 
poisoning in this species arc yew, water hemlock, spotted hem 0 
and autumn crocus in descending order of frequency This aut 
also reports that, in Poland cases of plant poisoning in horses ar 
mainly due to buttercups and, in sheep, to Cruaferae . 

The number of plants which can be considered to be poten 7 
dangerous to grazmg animals (with or without evidence to supp 
the contention) is very large and a detailed account of the toxico ogy 
of individual species is beyond the province of this chapter 
therefore intended to discuss only the most important and the 
interesting of the more common of the plant species known to 
responsible for poisoning in livestock. Their toxicology ^ mos 
convemcndy dealt with under the following headings pasture plants 
common weeds of pasture, trees and shrubs, forage crops and roots 
A further sccuon has been added on Photosensitivity This syndrome 
characterized by sensiuvity to light, is best considered separately since 
it is common to poisoning from many widely differing plant species 
For a more detailed account of the plants believed to be poisonous m 
the British Isles and in other parts of the world the reader is referre 
to the following authonnes among others 
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British Isles: Long (1924). Wright (1943), Hoards (1949). Forsyth 

George-Grambauer (l 9 J7). Gardner (1958). 

New Zealand: Connor (i 9 5 *)• , 

India: Chopra, Bodhwar and Glios U9HJ- Morrow and 

U.S.A.: West and Emmel (1950), b>perry, 

Hoffman (1955), Klussendorf (1956), Kmgsbury (1958). 


pasture plants 

The species to be considered under this y “nealher 

the families Gramineae (grasses) and Legiinmio t 0 f heath and 

(Callima vulgaris and Erica spp.) may ra f up , ^ harmless) 

mountain pastures and these may also include t 

members of the family Juncaceae (rushes). 

OBSTROGENS IN PASTURE PLANTS , , having 

It has become apparent that ‘^Roller, i 9 55)- Tl > e 

oestrogenic activity (Bradbury and W - * ^ ^fouhtcdly sub- 

most important from the practical pom nwaleanup strain of 

terranean clover. It has been shown that the for 

this plant (Trifolium subterraneuin L. var. Uw g Tp estem Austraha 
serious losses to the sheep-breeding mdustry . The 

(Bennetts, 1944; ^Tnrifcdts^geuistein (4. 5, 7-)ri- 

oestrogenic compound has been, ldentui concentration 

hydioxyisoflavone) (Biggers and Cum °^’ ‘ h ( w hen it may be as 
of genistcin is highest during the period g of dry matter) 

^hgh as the equivalent of o*oi mg. of oestra o P . • 4-methyl 

and is low in clover and hay. A derivative o g short-rotation 

ether, known as ‘biochanin A* has been o 010 , ^ c£ , rass (Lolium 

ryegrass ( Secale cercale L. var. Rosen), P cre -.1 tc Simpson and 
Vercnne) and red clover (Trifolinm prateiisc) (Pope, 

Andrews, 1953; Bradbury and White, 1954)- up have been 

Other oestrogenic compounds than the clover contains 

bolatcd. The chloroplast material from s ^ Kr ^. % Another 

a phenolic oestrogen distinct from genistcin ( m ’ isolated from 
compound, apparently a coumarin derivative. 
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Ladmo clover (T repeal var, ladmo), strawberry clover (T fragiferum) 
and lucerne {Meitcago saliva) (Dickoff et al . 1957 ) wt h 0 f 

The low but definite oestrogen content of the , ? . ? frected by 

the ryegrass quickly disappears and no oestrogen codd . 

Cunningham and Hogan (1954) m *e later spnng or ^ 

Oestrogenic activity is not destroyed by ensdage, lucem 8 ^ 
been said to be mote oestrogenic than &esh lucerne ( 


Andrews 1956) Rntain was 

A high concentration of oestrogen in spring grass in 


A high concentration 01 ^ e> — orrount 

reported by Bartlett ef el ^4^) J^bo considered that it migh^^^ 


for the known galactopoietic effects of the spring gro vv u* * " h 0 f 
- - e or snort period 


(1957) has suggested that the intermittent occurrence ot snort ^ 
herd infertility reported m cattle in this country might be attnb ^ ^ 


sudden changes in the amounts of oestrogen ingested c o P 
Klctte (1952) have encountered m Germany a large-scale her s 
in cattle which they ascribe to the high oestrogen content o 
ture (of the order of 2 gm per kg of dry matter) , CS i over 
material present in birdsfoot trefoil (Lotus camculatus) and La ui 
(T repens var ladmo ) may be responsible for delayed concep 
ewes grazed on these species (Engle Bell and Davis, 1957) ^ 

Watson and Mumane (1958) believe that oestrogens ^ 

subterranean clover may be impheated m the aetiology of shea ^ 
In sheep pastured on subterranean clover the major pro 
encountered have been dystokia, prolapse of the uterus 


mfcrtikty The latter is associated with cystic changes in the 
metnum which, as shown by Underwood and Shier (I95 1 /' 


ciendy severe, can persist indefinitely but there is no apparent 


distur- 


e is uu ^ 

baneem the ocstrous cycle (Underwood and Shier, 19 5 2 ) 


Shier and Peterson (1953) have further shown that the condition can ^ 
reproduced by conunued mtramuscular mjection of stilboes ^ 
oil, dose levels as low as o n mg of stilboestrol daily resulting ^ 
most complete infertility The sterility in cattle described by Sc 
and Klctte (1952) was associated m many cases with a sterile metn^ 
The udders of both pregnant and non-pregnant animals showed sig 1 ^ 
of swelling and in lactating animals there was a drop in milk Y 101 
rise m the cell content of the milk and inappctcncc 


CYANOCENETIC GLYCOSIDES IN PASTURE PLANTS 
Many grasses and legumes contain cyanogenetic gl) cosides or £ 2 ^\. 
compounds containing a sugar and capable of yielding hydroc) 


740 
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Plant J oxicowgt 

addonhydtolysis. Quisumbine fa*?)®* and S. 
including Sorghum vulgare ' vl J 0S t a chym (g^t star grass), 

WepL (Johnson grass) CH» “members of the 

Holms lanatus (Yorkshire fog) and 4 ^ latter is white clover 
Legutninosae. The most unpor cont ain the glycosi e, 

(Trifolium repens), certain strams 0 “ ed ^r the action of the 
lotaustralin, from which cyanide _ responsible for poison- 

enzyme, linamarase. White dover hasten | he occurrence and 

ing in cattle, particularly m Ne ^ . bave bee n discussed 

signifi.can.ce of cyanogenctic comp , \ Cyanide poisoning on | 

by Van der Walt ( 1944 -) ** Stance in South A&ica and 

this source is of the greatest f “ e P d “ “es. 
occurs with some frequency m e poisonous; it is the hydro- 

Cyanogenetic glycosides per se a fa toxic principle. 

cyanic arid which is liberated 0 . ^ action of the spec c 

This compound is normally re tissue is damaged or begins 

enzymes which are set free w ien t e 1? ^ intestinal tract of annn 

to decay, hut hydrolysis can occur ™^ ofbacteri:d action withm the 
in tile absence of the enzyme as a 

rumen (Coop and Blackley, 1949)- witb in any particular plant 

The Lilt of free hydrocyanic aad * J[ ^ dc r Walt, 
varies with the stage of ^ acid disappears tom the 

19440). In Sorghum species ^ y “ J^ 0 f tbe life of the plant, but 
stalks during the first three or f °“ r and West, The 

persists in the leaves unnl matur ty ( h bydro cyanic acid conten 

appheation of nitrate fertilizers a a poss ible explanation of this has cen 

(Pickney, I9M-, Couch, 1933)- A tbat cyanogeneuc glyco- 

provided by Worden (i94°) . u c conversion of nitrates into p 

sides are normal intermediates . » the con, wUc H retard norm J 

protein. Climatic condmons, such: “ ° B b*rat ion of large amoun<s 

growth or lead to wilting 1934 ). It follows that *c 

of hydrocyanic arid in certain sp cc (V h cxt rcmcly variable 

hydrocyanic arid content °f <7“ b j cJ as safe and are used for 

and that plants which arc n °""*'l lc E to acvclopnicnc of the 
grazing, ““ d “ TaalTontci' et lead to&tal poisoning in animals 
mum hydrocyanic aad contci 

C0 R.ummaiits C are *^^ t ^ bb a r a^ioii > oftyaiii^e lc ^ : ^ c 

^^f^S ^rganUms present m the 
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rumen Coop and Blackley (1949) found that peak producnM, 
concentration and absorption of hydrocyanic and takes p ace w 
10-20 minutes of sheep eating cyanogeneuc plant material un e 
suitable conditions Pigs and horses are less susceptible, possibly 
because the gastric hydrochloric acid of simple-stomached arum 
destroys the specific plant enzymes (Dykstra, 1952) 

Factors determining the toxicity of ingested cyanogenetic mate 
to ruminants include, according to Van der Walt (1944*1), the quantity 
of the plant ingested, the previous diet of the animal, the pH o e 
stomach contents, the percentage of total hydrocyanic acid present in 
the free state of the plant, die concentration of cyamde-Uberating 
enzyme present in the plant, and the total hydrocyanic acid content 0 
the plant Detoxification of cyanide by conversion into thiocyanate 
occurs very rapidly, so that should the rate of liberation of the Pfj 5 ? 11 
from the mgesta be sufficiendy slow no untoward effects woul 
expected In practice, therefore, it is only those animals that ea^ 
rapidly which are likely to suffer dire consequences The M L D 
free lotaustrahn (the glycoside of white clover) for sheep is said y 
Coop and Blackley (1956) to be 4 5 ± 0 5 mg per kg body weigh*, 
and an intake of plant material equivalent to 4 mg per kg bodyweig * 
of hydrocyanic acid can be regarded as definitely lethal if consume 
fairly quickly 


OTHER CONDITIONS ASSOCIATED WITH RAPIDLY GROWING 
PASTURE PLANTS 

Bloat The grazing of lush young grass, green clover and particu- 
larly lucerne is fiequendy attended by ‘bloating’ m catde The fee 
ing of such forage crops as kale and rape has also been associated wi 
bloat, especially when animals have been folded upon them. hlost 
outbreaks in grazing animals occur on pastures containing a large pro- 
portion of clover, when the plants are in the imm ediate preflowenng 
stage and have shown a phase of sudden growth The mechanism of 
the condition is apparendy simple the gases which are produced dur- 
ing the process of microbial digestion of food within the rumen are not 
climuutcd, accumulate and distend the organ with sometimes fatal 
results 

The view that bloat is due to excessive gas produced primarily in 
greedy feeders has been discredited by the observation of Hancock 
(i954) that a nim als which bloat do not necessarily eat more, or eat 
more rapidly, than those which remain unaffected. 
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A great deal of attention has been P^^^’ght interfere with 
herbage causing bloat of tome su st “^ , Evans m a Evans (i949) 
eructation and the activity of rumen % attributed the bloating 

and Ferguson, Ashworth and Terry (i94 » to the presence of 

properties of white clover and alfal a, P atE and Park (i953) 
hydrogen cyanide and a flavanoi , ®- , However, favour 

detected a cholinesterase inhibitor m , condition is due to the 

now seems to be given to the V1C ™, ^ ^ an d their hydrolysis 

presence of substances (saponms an p P ’ , , r umen liquor and 

products) which reduce the surface tens ‘ j) a vis and Lindahl (i95 8 )- 
hence tend to promote foaming. utier , ut Jized by certain 

for example, have shown that alfalfa sap ^ a cids, gas and large 
rumen bacteria, with resultant pro uc - ^ w hich the gases 

amounts of slime. The latter form 5 s ^ prevented from 

are entrapped in the ingesta as sm u . recently introduced 

escaping. Anti-foaming agents, particu j. evjng ^d preventing 

siheones, have been used successfully ° Preliminary expen- 

the disease (Quin, Austin and Ra . td “5’ IT of emulsified peanut od 
ments have been carried out on the e 1058 ). 

sprayed on to bloat-promoting pastures l > sE(JW ^at conditions 
Hypomagnesaemia. There is amp e evi heavy dressing with 

which stimulate rapid growth, for eXa . ’ ture s, that is, pastures 
nitrogenous fertilizers, lead to tetany-p ro , hypomagnesaemia. 
on which cattle (and sheep) are like y ° hypomagnesaemia 

Head and Rook (i 9 «) have suggested e “l y spring may be due to 
of cows at grass, particularly during , 1 associated with pro- 

inadequate absorption of magnesium, M a result of the bi g 1 

duction of excessive ammonia within e httle doubt that tins 

nitrogen content of young grass. There . j udin „ ve ry probably 
theory is incomplete and that Rowing plan®* ar ^° 

the high potassium concentration 1957) • The conditio 

involved (see, for example, K.emp ^ Zealand in cattle grazing 

known as ‘ryegrass staggers’ seen pe rcmie) is apparently a 

rapidly growmg perennial ryegrass ( 

hypomagnesaemia. , . is discussed in deta 

Photosensitization. Although this con ^ outbreaks of pboto- 

latcr in this chapter, it is relevant to say 1 - rtSSC$an d pasture legumes 

sensitization associated witli the ingestion o - t growth (Hurst, 

appear to occur mainly during periods of luxur 
1942). 
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THE ACCUMULATION OF TOXIC MINERALS BY PASTURE 
PLANTS 

Under certain conditions minerals present in the soil in a form a 
available to animals may be taken up and accumulated by p 
amounts sufficient to be toxic to livestock eating the plants 
most important examples arc copper, molybdenum, nitrate 

selenium. ntiallv 

Copper Chrome copper poisoning from plant sources is esse 7 
a problem with sheep in New South Wales and Victoria w ere ^ 
condition is known as * enzootic jaundice’ or * toxacmic jaundice 
occurs as a result of the storage of abnormal amounts of copper in 
liver and is characterized by a sudden rise in blood copper, followc ^ 
about 24. hours by haemoglobmaemia, hacmoglobinuna and jaun I 
(Bull, 1952) In certain areas m New South Wales there arc soils vn ^ 
a high copper content and herbage growing on such cupriferous so 
also high in copper In such places copper poisoning appears to 
due to a high gross intake of copper In other areas the copper con 
tent of the soil is normal, but special climatic conditions, for examp 
heavy autumn rains, promote the early growth of non-graminco 
plants (of which subterranean clover appears to be one of the mos 
important) m which the copper content is high and the molybden 
content low There is no doubt that a high copper molybdenum 
ratio in the diet promotes accumulation of copper in the liver u 
ruminants (Dick and Bull, 1945), molybdenum apparently exertmg 
some controlling effect on copper storage Dick (l953) * ur C 
shown that for molybdenum to exert this limiting effect the diet m 


be nch in inorganic sulphate When the sulphate content 


herbage is low, as it probably is in the stage of active growth, sheep 
would store copper even if the plant molybdenum content 
relatively high The picture is further complicated by the fact 
hepatic damage sustained as a result of consumption of plants suett 
heliotrope (Heholropum europaeum) may also promote accumulation o 
copper within the hver 

Sheep are peculiarly susceptible to chrome copper poisoning T c 
addition of only very small quantities of copper to a * normal ration can 
raise the amount stored in the hver to a dangerous level if the supp c ~ 
ment is fed for long enough and conditions arc such as to prom°t e 
storage Clegg (1956) has described poisoning in sheep estimated to 
have received weekly 5 gm of a mineral supplement containing 
ppm. copper (1 e 6 5 mg per week) for one year Symptoms o 
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,, v All ^ the plane of nutrition, by 
poisoning may be precipitated by y manifest them- 

fasting of by physical effort f sheep from the 

selves until as long as two mo 

source of copper. running in cattle, known 

Molybdenum. Chronic molybdenum P for over ioo years, 

locally as .‘teart’, has been known “ showe d that the condition is 
Ferguson, Lewis and Watson (i94 ) con tent of the herbage and 
related to the water-soluble moly en , top-dressing healthy 

that it can be induced experiment y y aministratiorl 0 f the salt to 
pasture with sodium molybdate y . p rom fo e lower Lias 

catde. The herbage in teart areas (on sous an! Gloucesters hi re ) 
formadon in parts of Somerset, a normal herbage con- 

coutains zo-ioo p.p.m. of molybdenum whereas n°^_ ^ 

tains 1-3 p.p.m. (Ferguson, Lewis an bei „g minimal 

denum content of teart pasture ^ maXU num in September o 

during winter and rising from Ap tbe molybdenum level. 

October. Frosting causes an abrup , to foe same extent. 

Not all pasture plants accumulate t appearing to contain the 

clovers and Yorkshire fog (Miens lono ) PP^ affect(;d pasture is 
most (Ferguson et <tl., 194 °). ^ay been described .in 

harmless after curing. A mild orm . on pasture containing 

Ireland by Walsh, Necnan and O Mom («. ^ba P by Cunn ingham, 
5-ao p.p.m. of molybdenum ^ containc d 

Brown and Edie (i953)- “ , con tained i‘9 P-P- m - 

p.p.m. while harmless contiguous p . fojs symptom appears 

The characteristic feature of ' c3 “.^ c ” molybdenum. A small 
to be related to a rebdvely high uitako ? Davis ( I95 o ) to be 

excess of molybdenum ^ _25 _ i'Lwis'minherbivora, pr° b3bl y ‘ ia * 

associated with deficient bone metabo to sumulauon of 

to interference with phosphorus absorption ^ ^ effect 0 f 

phosphorus excredon (Arrington ^ confined to ruminants as 

smaU amounts of molybdenum may ric kcts fo foals may 

Walsh and O’Moore (i953) bekeve h ^ intake cither Horn 
also be ascribed to an increase in m y . hdaiam ) or from <« 

pasture (found to contain Sy 2 5 P P ': n ™ on teart pastures have hi e o 

dam’s milk. Horses (and pigs) efforts of excess molyb- 

been thought to be immune to ,r a dsson and Wramby, I9J4). 
denum (see, for example. H S' * b ..p 0 cuprosis observed m o 
There seems to be litdc doubt ■“£_ ^paraidy adequate amounts 
sheep and catde on pastures contauuug app 
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of copper is due to the presence in the herbage of a small excess °f 
molybdenum (2-9 p p m) and excess sulphate (Wynne and McCiy- 
mont, 1956) The sulphate, rather than the molybdenum, concen- 
tration, seems to be the critical factor in determining whether hepatic 
copper storage shall take place , 

Nitrate The nitrate content of plants is affected, not only by ® 
nitrate content of the sod, but also by climatic conditions (Whitchca 
and Moxon, 1952) A surprising number of plants can accumulate 
nitrate in sufficient concentration to be toxic to stock when the environ 
mental conditions are unfavourable to plant growth, Webb \}9S 2 ) 


lists 55 species in Queensland alone Of the more common 


animal 


feedmg-s tuffs, oat, barley, wheat and rye hay, and maize and sorghum 
fodder are the most likely to give trouble It has been shown that 
application of the weed-killer 2,4-D (2,4-dichlorophenoxyacetic aci ) 
to sugar-beet plants m creases the nitrate content twentyfold (Stabler 
and Whitehead, 1950) and this has led to a great deal of emphasis being 
placed, particularly in the United States, on the possible danger atten- 
dant upon the use of this compound on pasture It is said that sub- 
lethal doses may have a simdar effect to conditions of drought and 
may result in accumulation of toxic quantities of nitrate by pasture 
weeds Fcrtag (1954). however, states that no case of nitrate poisoning 
has been definitely traced to or shown to be caused by herbiadal 
treatment The nitrate content of plants may be very high , Bradley, 
Eppson and Beath (1940) state that oat hay, for example, may contain 
5 per cent. The safe content of hay is arbitrarily placed at 1 5 P cr cent 
on a dry-matter basis 

The toxicity of nitrate is due to its conversion, either in the plant 
before ingestion or within the alimentary tract of the animal, into 
mtnte. Nitnte absorbed into the blood-stream converts haemo- 
globin mto methacmoglobin, a form which is incapable of transporting 
oxygen In moist oat hay exposed to the air maxim um conversion 01 
nitrate to mtnte was found to be reached about 20 hours after the hay 
had been moistened (Riggs, 1945) , after this time the mtnte content 
declined until after about 10 days none could be detected- Barnett 
(1952) considers the organism responsible to be a facultative aerobe. 
Cattle seem to be most susceptible to nitrate poisoning possibly due to 
the favourable condtnons in the rumen (Olson and Moxon, * 94*0 
Lewis (1951) has shown that mtnte is an intermediary product in the 
reduction of nitrate to ammonia within the rumen of the sheep , above 
certain concentrations of nitrate the rate of reduenon of mtnte to 
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for introduction into certain areas as pasture crops and have proved 
toxic to one or more animal species Some examples are included here 
as a matter of interest. 

Photons staggers In certain parts of South Australia where the 
perennial grass Photons tuberosa predominates in the pasture, a 
‘staggers’ syndrome, characterized by nuclear mco-ordination and 
hyperexcitabikty, is seen in sheep and cattle grazing on the early growth 
following the first rams (MacDonald, 1942) The cause of the disease 
is unknown but it is assumed that a neurotoxic principle, which has as 
yet avoided isolation, is present in the plant The condition can be 
prevented by weekly drenching with cobalt sulphate (7 mg Co per 
head per week) but not by monthly drenching or parenteral adminis- 
tration (Lee and Kuchd, 1953) It was suggested that the protective 
effect of cobalt is due to its incorporation mto vitamin B 12 in the rumen, 
however, relatively massive parenteral doses of this vitamin are without 
effect (Australia, 1954) 

Tall Fescue lameness Tall fescue lameness or ‘fescue foot’ is a non- 
mfective condition of catde of importance in New Zealand, South 
Australia and parts of North America, characterized by dry gangrene 
of the hind feet and tail It is caused by excessive consumption of tall 
fescue grass (Festuca elatior var arunduiaceae) and can be produced 
experimentally by grazing catde on tall fescue pasture or feeding exclu- 
sively tall fescue (Jensen, Deem and Knaus, 1956) The syndrome so 
closely resembles that due to ergot poisoning that it was natural at first to 
assume that it was caused by infestation of the grass with the sclerona 
of this fungus, but there can be no doubt that this is not so (Cunningham, 
J 949, Pulsford, 1950) Nevertheless chemical tests and spcctro- 
photometnc data indicate that some form of ergot is present in the 
grass (Maag and Tobiska, 1956) It is suggested that either the fungus 
is capable of developing m fescue grass in locations other than in place 
of the seeds or that the grass itself may, under certain conditions, 
accumulate ergot alkaloids 

Indigofera poisoning Indigofera enneaphylla (Birdsvillc indigo) is a 
legume widely distributed in subtropical areas of Western Australia 
hi horses it induces a syndrome of depression and mco-ordinauon 
known as 4 Birdsville disease’ it is harmless to catde and sheep (Gardner 
and Bennetts 1954) A related species I endecaphylla (Creeping 
Jumgo), was introduced mto the Hawaiian Islands as a pasture legume 
Its use has been hampered by the presence in it of a toxic factor which 
causes loss of appetite, apathy, delayed oestrus and sometimes abortion 



Plant Toxicology and Photosensitivity 


by 


I'lam 

StfJtSi- S* — 1 rf ‘ l “ f f, “ 

source of copper. , noisonine in cattle, known 

Molybdenum. Chronic molybdenur n | r over I0 o years, 

locally as ‘teart’, has been known m ^ ^ con dmon is 

Ferguson, Lewis and Watson (m°) " conte nt of the herbage and 
related to the water-soluble moly ^ top-dressing healthy 

that it can be induced experunentally of the salt to 

pasture with sodium molybdate or y ftom the lower Lias 

cattle. The herbage in teart areas (on tsol Gloucestershire) 
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contains 20-100 p.p.m. of moly . en , Tjy atson 1943). The mo y 
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of copper is due to the presence in the herbage of a McC ly- 

molybdenum. (2-9 p p m) and excess sulphite (Wynne and 
mont, 1956) The sulphate, rather than the molybdenum, 
nation, seems to be the enneal factor in determining whether hep 
copper storage shall take place 1 * t t. e 

Nitrate The nitrate content of plants is affected, not o y Y 
nitrate content of the sod, but also by climanc conditions (WhlKMaa 
and Moxon, 195a) A surpnsmg number of plants can accu 
nitrate in sufficient concentration to be toxic to stock when e 
mental conditions are unfavourable to plant growth , we \ ^ 
lists 55 speaes in Queensland alone Of the more common 
feeding-stuffs, oat, barley, wheat and rye hay, and maize and sorg 
fodder are the most likely to give trouble It has been s own 

application of the weed-killer 2,4-D (2,4-dichlorophenoxyacctic a ^ 
to sugar-beet plants increases the nitrate content twenty fo 1 
and Whitehead, 1950) and this has led to a great deal of emp u 

placed, particularly m the Umted States, on the possible danger a 
dant upon the use of this compound on pasture It is said at s 
lethal doses may have a similar effect to conditions of droug 
may result in accumulation of toxic quantities of nitrate by p 
weeds Femg (1954), however, states that no case of nitrate P 01 * 0 ^ 
has been definitely traced to or shown to be caused by her ici 
treatment The nitrate content of plants may be very high. Bra ey, 
Eppson and Beath (1940) state that oat hay, for example, may 0011 
5 per cent The safe content of hay is arbitrarily placed at I 5 P er ce0 
on a dry-matter basis . 

The toxicity of nitrate is due to its conversion, either in the p 
before ingestion or within the alimentary tract of the animal* m 
mtnte Nitrite absorbed mto the blood stream converts haemo- 
globin into methacmoglobin, a form which is incapable of transporting 
ox) gen. In mont oat hay exposed to the air maximum conversion o 
nitrate to mtnte was found to be reached about 20 hours after the bay 
had been moistened (Riggs, 1945), after this time the mtnte conten 
declined until after about 10 days none could be detected- Barnet 
(1952) considers the organism responsible to be a facultative aerobe 
Cattle seem to be most susceptible to nitrate poisoning possibly be 
tie fkvourable conditions in (Olson and Moxon, I 9 « 

Lcsns (1951) has shown that mtnte is an intermediary product in tn 
redaction of nitrate to ammonia within the rumen of the sheep , a»v 
certain concentrations of nitrate the rate of reduction of nitrite 
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ammonia becomes limiting and be reduced con- 

of the rumen to detoxify nitrite or nitrate app-rs 
siderably when feeding is poor (Holtemus t957 1 - plains 

SeleiL. In certain part*.- of the ' ^ "^ada, selenium 
area of the north-western United Sates ^ Dnly a f ew 

occurs in the sod in forms ^seleniferous areas (and therefore 

weeds, confined almost entirely fn assimilate it and to accumu- 

referred to as ‘indicator plants ). arc : a e ^ genera implicated 

late it within their tissues. In the U , The decomposi- 

mduAe Astragalus, Stanley a,Oo,iops,s and y j j ^ hr a form 
don products of these indicator ' v ^"ra„e crops. It is thus 
available to other species normally g ro produce grain 

possible, for example, for cereal crops m such areas t P 

containing toxic amounts of selenium. us i ve ly on soils derived 

Seleniferous vegetation occurs “ Fleming, O’Connor and 

from Cretaceous shales or limestone. ’ m intoxication of stock 

Sweeney (1951). who have ^ cscn , „ lie a rich source of selenium. 

inEire, believe that pyritiferous shales may be a «ch ^ ^ ^ 

No relationship appears to exist ctwe species. The factors 

the soil and that taken up by any given P „ understood, but 
controlling the degree of absorption are jdenium, the amount 
include such things as the chemical form amount of 

of rainfall or irrigation and the ^P h “ : ! e ’ C 0 " sulphate reducing 
soluble sulphate present is particularly imp 

selenium absorption). nrcurring naturally in seleniferous 

The organic selenium compounds oceurnng of aU selemum 

plants and grains are said to possess the highes^ ^ ^ herbage B 
derivatives In the United States the evcll smaller amounts 

stipulated as being 5 P-P- m - ° f j ate c f chicks hatching from 

in the diet ofa hen will depress the g 1941). Indicator plants 

her eggs (Paley, Wilson, Moxon and Taylor, W ; 
commonly contain 2,000-6,000 p.p.m. selenium is not under- 

The exact mechanism of die toxic ac acids prcscnt in cep- 

stood. It possibly replaces sul P^ . of sckn i u m poisoning has been 
tain essential enzymes. The pro hian(i9+3)- 

reviewed in all its aspects by Moxon and Rhian ( ) 

miscellaneous conditions f wb at might be termed 

A number of instances are on rcco “ bcc]1 selected as suitable 
‘pastoral faux pas'. Grasses and legumes n 
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for introduction into certain areas as pasture crops rad have 
toxic to one or more animal species. S ome examples are included 

as a matter of interest. . w t,-re the 

Phalaris staggers. In certain parts of South Australia a 

perennial grass Phalaris tuberosa predominates m the : P ^ 
‘staggers’ syndrome, characterized by nuclear mco-or , oroW th 
hyper excitability, is seen in sheep and cattle grazing on the ear : y % . 
following the first rams (MacDonald, 1942)- _ The cause o , ^ 

is unknown but it is assumed that a neurotoxic principle, w c 
yet avoided isolation, is present in the plant. The condition 
prevented by weekly drenching with cobalt sulphate (7 mg. V 
head per week) but not by monthly drenching or parenter a 
trarion (Lee and Kuchel, 1953)- h was suggested that the P rote 
effect of cobalt is due to its incorporation into vitamin B 12 m e n ? 1 
however, relatively massive parenteral doses of this vitamin are wi 
effect (Australia, 1954). , . 

Tall Fescue lameness. Tall fescue lameness or * fescue foot J* a 
infective condition of cattle of importance in New Zealan , 
Australia and parts of North America, characterized by dry gmgr 
of the hind feet and tail. It is caused by excessive consumption o ^ 
fescue grass (F estuca elatior var. arundinaceae) and can be pro u ^ 
experimentally by grazmg cattle on tall fescue pasture or feeding cx 
sivcly tall fescue (Jensen, Deem and Knaus, 1956). The syndrom^ ^ 
closely resembles that due to ergot poisoning that it was natural at ^ 

assume that it was caused by infestation of the grass with the sc ero 
of this fungus, but there can be no doubt that this is not so (Cunning 
1949; Pulsford, 1950). Nevertheless chemical tests and s Pf Ct ^ c 
photometric data indicate that some form of ergot is present in 
grass (Maag and Tobiska, 1956). It is suggested that either the 
is capable of developing in fescue grass in locations other than in P 
of the seeds or that the grass itself may, under certain conditio * 
accumulate ergot alkaloids. 
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heifers fed a diet consisting ™^^ rnnioldc ac id (Cooke, 1955) 

h: 

“g 


Of licks (Payne and ^ Educed 

subuhta, has proved to be more pr pparen dy harmless to s eep 

into Kenya and Southern Rhodesia, it ts app 

(Rogerson, 1955). c t, a jr in. horses and pigs eating 

Leitcaenia glaitca intoxication. ° ss s scn jjed in Hawaii, Indonesia 
the legume Leitcaenia glauca has been appea r to be unaffected 

and the Bahamas: in these areas ru j^aloid munosme. W en 
(Owen, 1958). The toxic principle is thea ^ o ^ Cong0i u gU nca 
introduced experimentally as a o^B given, over a P e 

proved to be toxic to *<"p “i” C .i 4. 

t « ta-te .to. » »» *“ 

is days of die first feed, deatn 
haemorrhagic cystitis (Damscaux, 19 


COMMON WEEDS OF havc led to 

Advances in research techniques during. V. s P 0 f some of the more 
the identification, of the poisonous p 
common weeds. 


BRACKEN AND HORSETAILS and horsetail 

The aetiology of bracken ^ p c en elucidated Evans, 

{Equisetum) poisoning in the non-rummanjh m bracken of a 

Jones and Evans (1950) demonstrated^ probab ly by cleavage 

thiaminase, an enzyme destroying joining die pyrimi 

of ihe molecule at die has been shown » 


occur in various speacs t . horse has dccu i 

The syndrome of ‘bracken staggers cur ed by parent^ 

as primarily a thiamin defiaency mid «n ^ respond to duamm 
administration of this vitamin* ^ species is <put c *i 

therapy and the course of *= 1954)- The c-cnmd 

from that in die horse (Evans, Evan _ pp ecpn g the megakar) cy 

lesion is said to be bone marrow 


therapy and the course w u ‘ , jj U chcs, 1954;* * 

from that in die horse (Evans, Evan _ pp ecpn g the megakar) cy 

lesion is said to be bone marrow 
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the primitive white cells and the primitive red cells , this leads to throm 
bocytopema and leucopema (Naftalm and Cushnie, 1954) ^ c 

syndrome therefore resembles closely the second stage of radiauon 
sickness’ in man The toxic factor to the bone marrow in ruminant 
is considered by Thomas, Watkin, Evans and Evans (i955) to a 
substance of low molecular weight and quite distinct from thiaminase 
It has been successfully concentrated from bracken fronds (Evans, 
Evans, Thomas, Watkins and Chamberlain, 1958, Evans, Evans, 
Chamberlain and Thomas, 1959) but has not yet been identified 
Evans, Evans, Edwards and Thomas (1957) and Evans, Thomas, 
Evans and Edwards (1958) report successful use of butyl alcohol 
(a-octadecyl-glycerol-ether) m the treatment of bracken poisoning in 
cattle This alcohol is found in the non-sapomfiable fraction of extracts 
of yellow bone-marrow, spleen, liver and aorta 

Bracken and horsetails are dangerous when fresh and when cut green 
and subsequently dried. Horsetails in hay may retain their toxicity 
for at least 16 months (Forsyth, 1954) 

BUTTERCUPS 

Fresh buttercups {Ranunculus spp) contain an irritant, poisonous, 
yellow volatile oil, protoanemomn, hberated enzymically from a 
glycosidic precursor (ranunculm) when the tissues of the plant arc 
crushed (Hill and Heyingen, 1951) There is still some controversy 
with regard to the importance of buttercup poisoning Shearer 
( T 938), who attempted to assess the toxicity of various species, doubted 
if death from uncomplicated buttercup poisoning ever occurred and he 
is supported by Graf (1952) who found that crowfoot (R acer) is 
regularly grazed by Swiss cattle without harm Forsyth (i954)» on 
the other hand, describes acute poisoning from R. sceleratus (the 
celery-leaves buttercup) in heifers and Ranunculus species also appear 
to be responsible for losses in the U S S R (Bolshakov, 1955) Svan “ 
berg, Aberg and Steen (1956) believe that, in Sweden, lymphoid 
leucosis in cattle is associated with the ingestion of Ranunculus and 
other spcacs containing protoanemomn. The celery-leaved butter- 
cup is that most likely to give trouble since it often provides lush green- 
stuff when the rest of a pasture is comparatively bare 

umbels 

The family Umbclkfcrac includes important and highly dangerous 
species. Although it is usually considered that poisoning in cattle 
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from hemlock (Com'nw numtlatum) occun ^%ring when 

is scarce, Penny (i9tt) ** &^Y available. The 

plenty of alternative and palatable hemlock water dropwort 

roots of water hemlock {Ciaita v,ros ^ , m cause fatal poisoning 
(Oenanthe crocata) are exceeding y c ° operations (Milne, 1945 . 

when unearthed during ditching an bewandowski, 1955 > 

Crowley, 1949: Priouzeau, I95 1 '. J , f both these plants is a 
Wilson et al, 1958)- The acnvcprmap^ anmnmns is 

long-chain acetylenic alcohol. bles that of spoiled sweet clover 

of interest in that the toxic agent re consequently increasing t e 

in lowering the prodirotnbm level 19JI ). Chaero- 

blood coagulation time (S^vatore “ ted as having caused fatal 

poisoning in nutria ysjanne 

RAGWORT . to cause more annual loss 

Senccio jacobaea (Ragwort) is plants put together (Forsy , 

to the livestock industry than A*** P grazing ^als and, m 
1954). The plant is usually av ^ ' lacis the original grass of 
consequence, reseeds itself until ' be harmful. The toxic 

the pasture. Most Seneao specie >W similar compounds 

fcetors are alkaloids of the Heliotroptm and Tnchodesm , 

have also been found in CrotM ria (Legummosae). 

the Boraginaceae, and m se ... 

All have hepatoxic properties. when dried and made into 

Senecio species are el d .. 1955) and when ensded 

hay or otherwise processed (l9Ja) claims that silage can be 

(Donald and Shanks, 195 )• non -toxic. . . 

can be demonstrated even tn b 

J witll CTO- 



Animal Health, Production and Pasture 


of sheep poisoned with Hehotropttm europaeum, considers that, in this 
species, the characteristic change is an enlargement of the parenchymal 
cells throughout the liver, a phenomenon which he terms mag o- 
cytosis’ According to Bull, haemorrhages, cell necrosis and fa rosis 
are commonly associated changes hut are not specific Hill an 
colleagues (Bras, Berry and Gyorgy, 1957. Hill Stephenson an 
Filshie, 1958), on the other hand, believe that the pyrrolizidine alkalo 1 
bring about an initial overgrowth of connective tissue of the hepatic 
veins causing partial or complete occlusion the ultimate result is a 
generalized fibrosis of the hver. 


Other weeds either native to Britain or found as escapes which are 
on record during recent years as having caused poisoning are 
maculatum (lords-and-ladies cuckoo-pint) (Tomaselli, Lanfranchi an 
Gngam, 1954, O’Moore, 19550), Aren art a serpylltfoha (thyme-leave 
sandwort) (Chapron, 1951), Lychnis gtthago (corncockle) (Plaadi, I954j« 
Mercuriahs annua (annual mercury) (Barron, 1944 , Pohdora and Maggi* 
1954, Bokon, Kovacs and Haraszo, 1955), Colchcutn autumn* * 
(autumn crocus) (Ursmy and Krchnavy, 1952), Rumex acetosa (sorr J 
(Coward, 1949), Digitalis purpurea (foxglove) (Parker, 195 1 )* ^ r0 P* 
belladonna (deadly nightshade) (Smith, Taussig and Peterson, J95°)» 
Solatium dulcamara (woody nightshade) (Greer, 1947), 5 nigrum (black 
nightshade) (Gunning, 1949) and other Solanaceae (Case, 195*0 


TREES AND SHRUBS 

YEW 

The yews {Taxus baccata and varieties) are the most poisonous of the 
trees and shrubs native to the British Isles. The active principle, the 
alkaloid taxme, is found in all parts of the tree and is not destroyed by 
drying or storage. Death usually occurs very rapidly from stopping 
of the heart. Recovery from yew poisoning has been describe 
(Knowles, 1949) and Edwards (1949) goes so far as to say that } cvv is 
not m reality as toxic for cattle as it is generally regarded’ It seems 
likely that the explanauon in such cases is that only small amounts o 
y cw has e been eaten and ha\ c become ‘ diluted’ with the contents o 
the rumen. 

OAK LEAVES AND ACORNS 

Poisoning by green oak leases is sometimes seen in spring when 
grass u scarce, but unripe acorns are a much more common source o 
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, . l pm to develop a craving for 
trouble, particularly in cattle, wnc ' fed to pigs with impunity, 

them. Acorns can be (and often av crat l U ally and are not fed to 

provided they arc introduced into tne cue b h annin content 

excess. It is generally considere > oa j. leaves and acorns 

which is responsible for the toxi ty , Clarke and Cotchin 

(see, for example, Marsh and “S > acQrns (J 1C presence of any 
(i 9S 6), although unable to ^ w micc on intraperitoneal 

substance other than tanrnn winch was etn ^ ^ ^ of 

injection, beUeve tliat something apa p oisoldn g has been describe 

tannin is concerned in acorn poisoiung- ghapeott, 19545 Mullins, 

during recent years in sheep and Grant, I 95 < 0 - 

1955 , and hi cattle (Towers, i 95 °l McNiven 

laburnum . ,j „, r is the most poisonous 

After the yew, laburnum (Cytisns J particularly toxic, 

tree found il Britain. The ^ 

but all parts of the tree contain the ^ Md twigs by rummants 

belonging to the family Ericace = stock from these sp=cl« h« 
medotoxL Although the dog ^ seem to be sufficiently wwdely 
been known for many y e * r * p 0 jnts out, losses in $ e , ep , r ? ! j n 
recognized. As Bolton discriminate planting of ' rh °* od ““?" 
sourcecould be avoided if the :m ^ ^ Poisoning by these speaes 
i Lumets Wf 


: planting . 

source could be avoided “ to cca sc. Poisoning by these spe 

bushes in hill sheep datneo ' ^ - m ruminants. Symptoms observed 
is characterized by ^“'^detad by Hignctt (1951) and Pntchard 

in sheep have been described m 

(1956). 


.me CROPS 


must ARP . , m. jsodiiocyanatcs or mustard oils. Thcix 

All crucifers comam v°Urf c Conti and Kjacr (ipjj) =md 

distribution Ins been AUy! isothiocyanate the mustard 

Kjacr, Conti and ( to occut in black mustard (&Mj>u ’».H 

' Umcc. is Kn°' v ‘. . kale, cauliflower, etc.). 


Kjacr, Conti ana -- - to occut in black mustara o ".V‘V 

od par ear cOm* a ^ rassic a olcracca (cabbage, kale, cauliflower, etc.). 
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Contrary to popular belief, the seeds of rape {B. napus) do not contain 
allyl isothiocyanate but mainly 3-butcnyl iso thiocyanate (Kjacr, 
Conti and Jensen, 1953). White mustard (Stttapis alba) contains 
p-hydroxybenzyl isothiocyanate and a trace of isopropyl isothio- 
cyanate (Kjaer and Rubinstein, 1954). 

The isothiocyanates occur in plants in the form of glycosides from 
which they arc released by enzymic decomposition. White mustard 
(like the allied weed, charlock, Stnapis arvensis) is harmless until the 
seeds have formed, when it can become dangerous (Gallic and Paterson, 
1945). The mustard oils arc very irritant and may cause acute gastro- 
enteritis if ingested. They may be at least m part responsible for the 
haematuria sometimes seen in stock folded on cabbage rape and kale. 

KALE 

Astwood, Greer and Ettlingcr (1949) have isolated from the seeds of 
various Brassicae (kale, rape, cabbage, turnips, eta) an antithyroid 

compound which they showed to be i-5-vinyl-2-thiooxazolidone. 

The goitrogenic factor is also present m the leaves and stems (Shand, 
1952; Spisni and Garavaglia, 1954). Sinclair and Andrews (i954) 
have described a typical outbreak of goitre accompanied by heavy 
neonatal mortality (and with a significant increase in the duration of 
pregnancy in the dams) in lambs bom to kale-fed ewes. 

The syndrome most commonly associated with the prolonged feed- 
mg of kale is so-called ‘kale anaemia’ (Rosenberger, 1943). The first 
symptom to be seen is a haemoglobinuria and this is accompanied by 
a fall in the red cell count from 6 to 1*5-2 million. Cohrs (i943) 
believes that the primary action of the as yet uni dentified toxic factor 
is to cause haemolysis. What may prove to be a related condition has 
been described in chickens which had been allowed to run on rape 
pasture (Hall, 1954): here the principal lesion appeared to be a fadure 
m blood coagulation. A macrocytic anaemia in cattle grazing rape 
has been reported by Evans (1952). Angelo (195 1) holds the scarcely 
realistic view that the condition of kale anaemia is allergic in nature 
and due to an unknown substance in the seeds. 

RAPE 

. Cases pouomng in cattle folded upon rape are reported with 
increasingly greater frequency. The symptoms vary, some cases show- 
ing acute pulmonary emphysema and oedema, and others haemo- 
globrauria, nervous derangements and blindness. Cote (i944) has 
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• j -1 The lesions found at autopsy 
described die various forms m eta . ns ible. Cote states that 

suggest that some inflammatory a S cn J-neerous, but Evans (I95 1 ) 
rape which shows purple disco orauo ^ , incriminated. Rape- 
denies that purpling or frosting can because of its content of 

seed meal may cause intoxication ^ substance mentioned 

volatile isodviocyanate or of the antitny 
above. 

BEET-TOPS , ty es h preen tops of beet 

The dangers of allowing stock acccss £ course of the Brassicae, 
and mangolds ( Beta vulgaris subsppj. ’ , to attribute poisoning 

turnips and swedes, are well known. Balter and Eden (l954) 

to the high oxalate content of the e . ' of mangolds and sugar- 

have studied the oxalate contents o twas greatest in the summer 

beet. In all varieties the total oxalate pr ^ jjj C season advanced. 

months, the amount gradually , cen t ( on a dry-matter 

Typical values found were up to 9 and ’ 1 , ne L vcly in July, these levels 
basis) in sugar-beet and mangold leaves P ximate iy on c-third of this 
filling to 3 per cent in midwinter. PP ^ believed to render the 
was water-soluble oxalate. d E d cll to cause a small reduo- 

leaves harmless, was found by Baker and . kivcs> Thc insoluble 

don in the soluble oxalate conten by w ilnng but some- 

oxalates were, in general, apparen y These authors suggest 

times showed an apparent me met imes result from fccdrng 

that the undesirable effects whtch un known factors winch 

leaves may be due not to oxalate but 

ate labile during wilting. _ is said to be sufficient to cause 

The high water content of beet tops^s ^ ^ diallthc 

scouring (Gregory, I95 a )> V* l naa y of thc outbreaks of “‘S 3tc 
water content are involve 0 j c describes how cattle 

recorded. Venn (i95 a )> f °c fodder-beet not only scoured u ^ 
tlw actively growing tops o that die feednig of &es 

blind. Freudcnberg (>955) f t ral Germany « • 

sugar-beetleaves in certam P^ ^Umoglobinnria seer m ea tie u 
the increased incidence of hls 3rc present m the leaves 

tii esc areas Freudcnberg states “ J due to thc unsatisfactory 

mdt^tLc, together -»dtr.t responsible for tiie condmom 

calcium: phosphorus ratio ofthe^ ^ [Iut p ar Vumon -dSuthc^ 

It is interesting in cra i hacmoglobinuru may 

land (.954) suggest dial pu«p 
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phosphate deficiency as a predisposing factor and the feeding of kale as 

th S^rfo P T:. peculiarly - to horses, hundreds hav ? 
been said to have died in Europe from the effects of eating the ens 
tops The toxin causes progressive bulbar paralysis, Hutyra, 
and Mannmger (1938) state that a similar syndrome is seen m t P 
poisoning m horses 


CEREALS . 

Grazing of winter-sown wheat and other cereals not infrequen y 
leads to a condition m cattle sometimes known as wheat-pasture 
poisoning with symptoms characteristic of a hypocalcaemia A stu y 
of the chemistry of the blood scrum in such eases has shown that cr *j 
is indeed a decrease in both the total and diffusible calcium accompanie 
by a fall in inorganic phosphate and magnesium and an increase in c 
total protem, globuhn and possibly potassium levels (Crooks 
and Sims 1955) The aetiology of the condition is obscure. 

Young green cereals (oats and barley) are strongly rachitogemc 
(Ewer and Bartrum 1948) There is adequate calcium and phosphorus 
in the offending plants and supplementary feeding of calcium an /or 
phosphorus does not prevent the disease Ewer (1950) therefore 
postulated the existence of a conditioning factor* in the young oat 
plant which specifically interferes with the uptake of phosphorus 
The presence of a rachitogemc factor has been demonstrated by Grant 
(1951) and it has since been isolated and identified as carotene (Grant 
19S3) Grant suggests that the ncket inducing effect of winter green 
feed on sheep is due to the high carotene intake at a time of the year 
when the vitamin D status of the animal is normally low 

SWEET CLOVER 

The story of ‘sweet clover disease’ is now well known and it n 
necessary only to mention briefly the circumstances which atten 
development of the condition The toxic principle is dicoumarol a 
substance which is formed m sweet clover (Mehlotus spp ) under certain 
conditions as when the plant is damaged by weather is badly harveste 
or when hay becomes mouldy Dicoumarol is believed to interfere 
with prothrombin production in the liver and the primary lesion o 
sweet clover disease is haemorrhagic diathesis leading to haemorrhages 
all over the body Catdc appear to be most susceptible to dicoumaro 
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poisoning probably because they will accept hay or silage 
dicoumarol and to the study of P jl p. Link and his associate 

referred to the scries of papers pub e onwards. 

in the Journal of Biological Chemistry from 194 ° 


boots 


mangolds, etc. because of their high content 

Freshly lifted mangolds are f“S ecouS « This may be as much 
ofnitrate (see, for example, O Moore, ^ certain conditions o 

as 7 gm. per kg. (Robinson, J942)- tane ously converted ' to 

storage and preparation, this mtrate is «P“«® ^ ^ Scribed 

nitrite, a highly toxic substance. ° 3 sbor t time of bang f 

how 200 of a herd of 6oo pigs died ' V ^'^[ dcra hle amount of mtrite 
cooked, fleshly pulled mangolds A ■ «" die co oked mangold 
(OT3-I-I5 per litre of nitrite N) v" s n ( I9+ j) state that nitri 
mixture. Macintosh, Nielson and o least a hours at or nea 
formation can be avoided by coo g ttonble for the sam 

the boiling point. Turnips and swedes may can 

Mangold roots, as well as the ieaves^may coniam mangolds. 

wpe^^ S TMiaithe : iattcr £ l|ave bceirgrowi^ou^ c e^^^ s SD1 ^ S ’ ° stIU - 

ruminants fed roots can be a HalliaIl a nd Garner (i94°) con5 , , 
to oxalate or nitrite poisoning. foun( j j n 3 H strains of mango 
that the high proportion o * p a ;,i, Neal and Dougherty (WS) 

before frosting maybe rcs F° D f histamine and tyramine in i 

have demonstrated the P r - tally overfed with new whea 
rumen contents of sheep „ c ? n ,he ingesra was found m be 

cracked com. Tire level exhibited by the sheep, and Dam 

directly related to the d c S r ^ jj gcst joa from overfeeding »n b 
« A therefore condude ^ ' ^ oftoxic amines. Charton 9 4) 

may be attributed to the prod . ^ hrge amount of sucrose u be 

and Searisbrick (i954) su f“ „d s ugar-beet. together with the HI 

roots of, nan S olds,foddcr-b«^ Jimubances m the rummal 

water and low protein 
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flora. ScansbncL was able to show that overeating of mangolds (and 
other forage crops) may lead to production of lactic acid in excessive 
amounts within the rumen, the resulting fall m pH is associate vn 
ruminal atony and symptoms of indigestion Lactic aad fermcntatioi 

has also been observed m the rumen of sheep and throughout the o\v 
of horses allowed to gorge upon wheat (Australia, 1954) orscs 

this was accompanied by nnld acidosis and severe hacino-conccntration , 
some suscepnblc animals developed lamimtis Cliangcs in the rumen 
flora leading to alkalosis arc mvoked by Worden, Bunyan and Pic U P 
(1954) to explain a form of hypocalcacmia seen ui cows following 
excessive consumption of fodder-beet The overall clinical picture 
was similar to that of wheat-pasture poisoning discussed above 
There is a possible connection between the aetiology of this condition 
as suggested by Worden et al and that of hypomagncsacmia as p ro " 
pounded by Head and Rook (1955) A hypocalcacmia accompanie 
by a fall in scrum potassium and a rise in inorganic phosphate lev 
observed m horses fed exclusively on oats has been suggested to have a 
different aetiology and to be mainly due to withdrawal of potassium 
from the body as a result of the relatively large amount of phosphorus 
in the diet (Ncumann-Klempaul, Zeller and Jacob, 1954) 

POTATOES 

It is well known that green or sprouting potatoes should not be fed 
to stock because of the large quantities of the alkaloid solanine that are 
produced during the greening process The haulms are equally 
poisonous and have apparently caused considerable losses in Europe 
Steaming or cooking green or sprouted tubers renders them safe for 
animal feeding (Ironside, 1943, Temperton, 1943) 

ONIONS 

It is not usual for animals in this country to be fed large quantities of 
onions as part of their staple diet, but in certain parts of the Unite 
States it is apparently common to dispose of unwanted market crops 
in this way (Koger, 1956) This practice is sometimes attended by 
fatal consequences Poisoning from onions (Allium cepa ) has been 
reported by Goldsmith (1909) in horses, by Thorp and Harshfield 
(i939) and Koger (1956) m cattle, and by Nordio (1952a) in poultry 
and yet the potential danger from this vegetable is by no means generally 
recognized. Haemoglobinuna, anaemia and jaundice are constant 
signs of poisoning m mammals Kobayashi (1950) has also described 
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degeneration, and necrosis in .the in horses, 

metaplasia in cases of cluve ( «“ tbc hematology of onion 

Nordio (1952". <>, c; 1953". b ) jna(le die interesting observation 
poisoning in various species. 1 i ops mo rc slowly in the dark. 
(Nordiof I95 2C ) ** B u therapy (Nordio. 

There is some doubt if « = rcs P . chemical tests indicate that the 
I9 jji, c). According to Roger ( 1956 ) 
toxic principle is an alkaloid. 


PHOTOSENSITIVITY 1 Kv the 

. . • • ;«^nred in an animal by tn 

The condition of photosensitiv^f Substance (a so-called ‘photo- 
presence in its peripheral blood f absQrbing ]jght strongly and pas- 
dynamic agent’) which is capable ^ tQ ca use a pathological reaction 
sing on the energy in such a animal is exposed to hgh 

within the tissues. When a p i tbc photodynamic agen 

of the specific wavelength abso Y a conjunctivitis (and in 

syndrome characterized by a derm J drome is known as 

some cases hyperaesthesia) develops. 

pliotosensitization (Clare, 1952)- of photosensitivity &om P 

The photodynanuc agent m J the plant which is absorb 

sources may be either a substance prMj-rj^^ circulation (giving rise to 
from the gut and passes mto ^ ^ wWch is normally formed 

‘direct photosensitivity ) or a h fin as ;t way mto the pen- 

during die course of ^““ b \ b veris imaged (causing ‘hepatogmous 
phcral blood-stream only nerc ase the photodynamic agent is- 

photosensitivity’), product of chlorophyU 

invariably phylloerythrm. and Roets. 1935)- 

(Rimington and Qum. 1934. Q hotosensitivity is seen m y 

^ It seems likely that a pure ^" 0 s CnsI tization is almost Jways 

few isoW cases; the syiidrome°f P probably caused by a 

associated with some degree of live b , Uch have been shown 

“i’ in the plant. The agent are W™’ 

unequivocally to contain-i pi ^d Hy/er«R 

csJctun, (Buckwheat) (Chick m cal has been shown to 

(St. John’s Wort (Pace. 194-)- d Nakayama. 193 S. 1939) 

^risetoUvercirrhosudCubo 

: that photosensiuvity • photosensitivity n, of course. 

The classical mstance of h patos ^ don of this South 

offered by Tn lulus terrains. 
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African fodder plant was shown by Thaler (1918) to be responsible for 
the condition known as gcelchlkop in sheep The nature of the cpi 
toxin is not known Other plants known or believed to induce 
hepatogenous photosensitivity arc numerous The^ most important 
form of this type of photosensitivity is undoubtedly ‘ facial eczema , a 
condition which sporadically affects sheep m New Zealand, the p t 
concerned is perennial ryegrass [Lohutn perenne) (Cunningham, Hop ' 
and Filmer, 1942) The liver lesion is essentially cholangitis of c 
smaller ducts The ability of the grass to give rise to hepatic lesions 
when fed has been associated with the presence of spores of Sport es- 
mum baLert (Pcrcival and Thornton, 1958} and a hepatoxm has been 
isolated from the fungus which is capable of producing facial eczema 
disease in sheep (Thornton and Peraval, 1959) Climatic factors are 
believed to be largely responsible for development of potential toxicity 
(Levy and Smallfield, 1942) Filmer (1955) has pointed out that, by 
adopting simple prccauuonary measures, outbreaks of facial eczema 
can be prevented 

Many fodder legumes including lucerne, clovers and vetches, may 
also give rise to photosensitivity m horses and cattle leading, on expo- 
sure to light, to the syndrome known variously as ‘tnfohosis’, ‘trefoil 
dermatitis’ or ‘clover disease’ Clare (1952) considers that this may 
be a form of primary photosensitivity, but there is ample evidence to 
show that horses grazing upon these plants may develop hepatic 
cirrhosis, or ‘big-liver disease’ (Schimke, 1950, Forsyth, 1954)1 which 
suggests that the photosensitivity may be hepatogenous in origin- 
There is little definite evidence regarding the conditions leading to 
development of potential toxicity in these otherwise useful pasture 
plants 

A number of other conditions which seem to be associated with a 
photosensitivity have been described in stock in the British hies 
Lamont (1952) has referred m detail to two in particular affecting cattle 
and horses respectively and known in Northern Ireland as ‘brown 
nose or copper nose’ and ‘blue nose* Their aetiology is unknown, 
but they occur during the grass season The only British plant species 
which can he implicated definitely in production of photosensitivity 
is Narthecmm ossifragum (Bog asphodel) sheep are affected and the 
syndrome is associated with hepatogenous jaundice (Endo, J 955 ) 
Photosensitivity is not confined to mammals Collet and Henry 
(1952-3) have described a typical photosensitization syndrome to 
ingestion of buckwheat in turkeys 
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CHAPTER TWENTY-NINE 

Herbicides 


E. F. EDSON 


General considerations— The acid 
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c selective herbicides for the control of 
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broad-leaved weeds in cereals nr this e improvement. 

tively litde routine use .f , SUC ^ h eradicate most of the sveeds 

Chemicals are readily availab c omes from SCV eral causes, 

of pastures, but reluctance to use th convinced drat control 

First, farmers and advisory *™«s “ c ' 0 nomically worth whde: 

of weeds in a reasonably reasonable weed population 

indeed, some believe that the ="e don m a milk quality, 
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some degree of damage to , DB are somewhat unreliable in cir 
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slight effects on clovers, is the hormone-type material MCPA, which 
when specially formulated to give increased selectivity, can make a 
considerable improvement to weedy pastures Although removal of 
the weeds undoubtedly improves quantity and quality of the remaining 
grasses and clovers, with increase in starch equivalents, it is not gener- 
ally accepted that these improvements arc always worth the effort and 
cost involved 

The control of such tough, dominating weeds as bracken, rushes, 
hawthorn scrub or docks is usually w ortli while The improv ement 
of such marginal or newly reclaimed pasture is often helped by the 
use of aggressive forms of the hormone weedkillers, c g 2,4, 5 “T or 
2 4-D A number of other chemicals have had experimental usage 
for special purposes, c g ammotriazolc, dalapon and borates 

Agricultural spray chemicals may occasionally reach pastures by the 
dnft of spray mist from adjacent operations on other crops The use 
on neighbouring fields of such toxic chemicals as arscm tes, and some 
organophosphorus and chlorinated hydrocarbon insecticides, may 
therefore contaminate pastures or intervening hedges to a dangerous 
degree Although the actual concentration of such toxic chemicals 
on the grazed vegetation may be quite small, the fact that a dairy cow 
may eat up to 200 lb , or about one-quarter of its bod) -weight, of 
&esh vegetation m one day means that comparatively large amounts 
of chemical may be ingested in thi< way 
Fortunately, there is a considerable amount of information on the 
toxicity and toxicology of the pesticides likely to be used for pasture 
improvement, or likely to contaminate pastures or hedges, so that 
adequate advice on safety precautions can be offered. Similarly, the 
normal development of a new pesticide involves the development of a 
sensitive analytical method, so that the pesticide manufacturer is usually 
both willing and able to help in any such problem 


THE 'HORMONE-TYPE* SELECTIVE HERBICIDES 

These are synthetic organic chemicals, mainly substituted phenoxy- 
«K£tic propionic or butync acids, used as either alkaline salts, or as esters 
They are applied at comparatively low dosage rates, of 1-2 lb active 
c emi per acre, dissolved in water The common designations for 
tne most important members of this group are 2, 4-D, MCPA, MCPB, 
2,4-DB, 2,4 5-T, CMPP and TBA 

All these chemicals are of very low toxicity to mammals and other 
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vertebrate organisms. 

fore extremely selective. Thy -nd even in Britain up to 

on, and used for periods up to f ^ tee " y trea ’ ted widl suc h materials in 
three milbon acres of cereal crop , f or unforeseen adverse 

every year. There has thus been ample chance tor^ ^ 

effects to arise, if such were laten . P on f arm st ock, wild life 
killers have caused virtually no » ‘ v “; > prccauri ons in hand- 


caused virtually no adverse e e aurions ^ hand- 

or humans, despite the fact that no > sp“ dri f t on to susceptible 

ling or use have been taken (ex p & adverse effects 

broad-leaved plants). The same S<=“" e °^ mon e weedkillers 
. i America, wneic . 


broad-leaved plants). The where "the hormone weedkillers 

has occurred in North Amen , re tban a decade, 

(mostly 2A-D) have had intensive me f that the hormone- 

The Mowing studies have done muen 
type weedkillers ofTer virtually no nsktofar ^ and field stu dy 
Rowe and Hymas (i 9 54) made a detad d^ ^ 

of the toxicity of 2 , 4 -D, and 2 , 4 . 5 -T “d MCFA vaiucs ^ 
cattle. They concluded that 5 mg . /kg ., i.c. they 

materials in animals were in the rang 3 to both pure 

were virtually nontoxic m P” 1 Their chronic dietary 

materials and to commercial k basc d on the results from 

■ toxiritv and ingestion hazards to farm stock, D , 
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of important herbicides including 2,4-D, 2,4,5-T and DNBP, to 3-acrc 
plots of alfalfa and brome grass Half each plot was sprayed on the 
first day, the other half 7 days later. Horses, cattle, sheep, pigs and 
poultry were ascribed to each plot, and remained on it through both 
sprayings and for many w ecks afterwards The chemicals were applied 
at 2-4 tunes the normally recommended dosage rates 

Observations were kept on stock health, weight change and grazing 
preferences, and on fodder analyses The audiors concluded, quite 
simply, that ‘ the results of this experiment indicate tliat none of the 
herbicides used had any senous physiological effects on the livestock 
involved’ This work is particularly useful in that it strongly suggests 
that hvestock need not be removed from fields during treatment with 
these pasture herbicides 

Carey (1956} studied the more recent herbicide 2,4-DB, and found 
its acute oral LD 50 to be approximately 700 mg /kg (rat), 300 mg /kg 
(rabbit), 500 mg /kg (gumca-pig) and over 450 mg /kg (hen) No 
toxic effects were seen after administration of half die above dosages 
Female rats receiving 1,000 ppm in the diet for 63 days showed 
weakness and reduced weight gam, trace effects occurred at 200 ppm, 
but no effects were detectable at 40 p p m for 63 days Work in the 
same laboratory showed that another recent herbicide, MCPB, v»as 
also of very low mammalian toxicity, with acute oral LD 50 values of 
600-1,500 mg /kg , and litde evidence of any cumulative toxicity from 
repeated non-fatal injections daily, or when incorporated at tolerable 
levels in the diet 

Edson (1958) investigated the toxicity of tnchlorbenzoic acid (TBA), 
used since 1957 to control some important hormone-resistant weeds of 
cereals, and found it also to be virtually nontoxic Acute oral LD 5 ° 
values ranged from 300 to 1,500 mg /kg , depending on speaes 
Dietary toxicity tests on rats for two months showed that 100 ppm 
was entirely harmless, 1,000 ppm. caused shght toxic effects on kidney 
^ k Ut cven I0 > 000 Ppm, although causing some weakness, 

weight loss and kidney injury, was non-lethal after two months' 
reeding 

One unusual aspect of the hormone weedkillers’ properties must now 
be referred to For many years, it has been widely beheved, and 
stated, that the initial effects of these chemicals on poisonous weeds of 
pastures result m their greater palatability to stock, and greater chance 
o earning farm stock casualties Most manufacturers advise that stock 
should not be allowed to graze fields severely infested by poisonous 
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, ■ _ Thrre has been some attempt to 

weeds for two weeks after spraying. content, or nitrate build-up 

explain these effects by an . increase ^““sommvhat vague. Rag- 
after spraying, but the sclent £ ^ ^ res p e ct, but no doubt 

wort is a particularly importan reve als t h at there is a 

others are also important. A ^ C f cype. A herd of dairy cattle 

real possibility of unforeseen e ec known to have many patches 

was allowed into a salt marsh » ’ f ly graze d in the same 

of hard and soft rushes, but winch had was a!lowcd 
way for many years past. f W , . ■ ppxture of sodium chlorate, 

into the pasture, an aggresswly stock, had been sprayed 

monuron and 2,4-D, all virtually nonto^ctostoc^ ^ 

on the vegetauon alongside an P P ^ fence . W ithin a few days, 
separated from it by a sound at hs fu p 0 f rushes, and effects 

three of the herd had died, with st0 " ■ onjng . Many others of 
identical with those reported foi ^P,^ showed that the spray 
the herd were temporarily ■ £ Q0{ the pasture along i 

had spread to a distance of about o of grazing were those 

fence. The only rushes showing y circumsCsmt ial evidence 

which had been sprayed in diat stnp. w iltcd, or otherwise 

strongly suggested that these rushes bad para 7^ ofw h.ch 
become more palatable than norn rush-poisoning m con- 

had then avidly grazed them, and died 
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cause any risks to stock, as their toxicity is low Pfeiffer, Hallman anti 
Gersh (1945) found borates to have acute oral LD 50 levels of i-3 
gm /kg m small animals, and that 1,000 ppm in the diet was 
apparently harmless to experimental animals Dalapon (dichloropro- 
pionic acid) is sometimes used for selective control of couch grass, it 
also is virtually non-toxic Unpublished results from an industrial 
laboratory (Dow Chemical Company, 1955) quote acute oral LD 50 
values of from 3 36 to 8 gm /kg , depending on species In rats, 100 
ppm in the diet for 100 days was apparently harmless, while 346 and 
1,080 ppm caused slight toxic effects, 3,460 and 10,800 ppm caused 
definite injurious effects to the liver and kidney, although non-lethal 
in 100 days Aminotnazole has also been used experimentally m 
pasture improvement Weir, Paynter and Elsea (1958) quote acute 
oral LD 50 values of 25 gm /kg m rats and 14 7 gm /kg in mice 
Dietary toxicity was rather high, mainly because aminotnazole 
appeared to induce goitrous changes in the thyroid glands of animals 
receiving dietary concentrations higher than the ‘ineffective* concen- 
tration of 50 p p m 

The presence of clovers in pastures may make it necessary to use 
dimlro-bulylpheiiol as a selective herbicide The dinitro- weedkillers are 
appreciably more acutely toxic to animals and man than most other 
herbicides, with oral LD 50 values of 25-50 mg /kg , depending on 
species In small doses, however, toxic effects are unlikely, as these 
chemicals are only slightly cumulative in toxic effects Thus Spencer 
et al (1948) found rats able to survive 100 ppm in the diet for 200 
days, without detectable adverse effects Only a proportion of the 
rats receiving even 500 ppm for 21 days died during the trial 
This restricted cumulative toxicity explains how the stock used in 
Grigsby and Farwcll’s field tests with DNBP could safely graze in 
DNBP-sprayed pastures Both DNC and DNBP have been used 
extensively in British cereal spraying for over ten y ears, and there must 
ha\ c been many occasions when spray has drifted from the treated field 
t0 ^ 1C ^ CS pastures available to farm stock It is interesting 
therefore that there are almost no recorded instances of fatalities from 
such causes, the few DNC stock casualties reported having been due to 
access to spillages of concentrated materials on the pasture used for 
1 g up spraying machines, or contamination of drinking trough 
water, etc. Although factual data suggest that fields treated with 
DNBP offer little risk to grazing stock (unless deliberately excessive 
osage rates arc applied), it is generally recommended by manufac- 
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to. -k to»M “ 

contaminated fields for two weeks a ter pp ^ , otbec types 

The accidental contamination of occaslo f 3 u y caused stock 
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suitably flat field, usually a pas , considerable spillages of 
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chemical concentrate on the d to a completely unnecessary 

be left unburied. Stock are thu J? material, and will often 

risk of ingesting large amounts cation> ln I95 8, several cattle 

do so without apparent cause P ^ being copper compounds 

died from this cause, the chenuca s combat severe potato 

of only moderate toxicity, used as fungicu 

blight. nferintt unusual signs of poisoning in 

In general, any farmer cncomitenng should bear 

stock out to pasture, during th 1? ro J, have had access to toxic 
in mind the possibility that t = atea from spraying operations 
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In summary, there isabundan a MC mo sc unlikely to cause 

recommended for weed control ^ recomrocndc d by the sup- 

risks to stock when used P™P c “i ’ suc h as failure to bury spiUages. 
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Abomasal contents (sheep), 226 
digestion, 251 
secretions, 250 
Acetonacmia, see Ketosis 
Acidosis in sheep, 573 
A I V process, 212 
Alkali disease, 11 
AUrnn Ceva, see Onion 
Alsikc clover, aiiuno acid content, 99 

Alveld, 10 . , . 

Anuno acid content of herbage, 9 
Ammotnazole, hazards, 77° ... 

Ammonia concentration, rumen 

liquor, 243 

Anaemia and kale, I7 1 . 

Anaemia, piglet and herbage, 3 5 
Anoplocepliala species, 5 2 5 
Anthelmmtics, for horses, 53 
Artificial rumen technique, 203 

Bacillus Ucheniformis, 242 
Bacterial proteolysis, 242 
Bactenodes succttio&enes, 241 

Ballast food, 292 

Beet-poisoning, 163 
Beet-top poisoning, 755 
‘Bent leg’, sheep, 601 
Bephcmum embonate 497 
Berry bug, 547 , 74 8 

Birdsville disease of horses, 74 
Black scour, 49 1 
Blind staggers, n 
Bloat aetiology. 3»7 a 397 

Bloat and anti-foainn>E ‘b 

and bacteria, 39T ot [ u ction. 39° 

and carbon dip®" 0 P 
and cause of death, 399 
and cloven, 34, 39 
and eructation, 39- 


foaming, fee gas, or fed lot, 
3»5 

and kale, I7 2 
and penicillin, 4 02 
and plant factors, 394 
prevention, 4 00 

“d pre^ 3 <O^T« wte )' 391 
and psychology, 393 
and salivation, 388 
and saponms, 395 
saponms m herbage, 120 
and treatment, 403 . .0 

Blood now, portal vem (feep), 44 
loss front sheep tick, 54° 

Blue nose, 760 

Bog asphodel, 760 

Borates, hazards, 775 
Botflies, 551 

ISC- of horse, 749 
Brassica and goitre, 7* 1 
Brown nose, 760 
Browse unit method 268 
Buckwheat, 759 
as food, 178 

Bmmummln£i»wciplul»»i. 44« 

Bush sickness, 664 
Buttercup poisoning, 750 

Cabbages as food, 173 
Calaum absorption, 591. 59<> 
in blood, 589 , R 

distnbuuon in an animal, 589 
Calaum phosphorus rauos, 595 
effects of, 604 
and goitre, 7*3 
and infertility, 603 
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Calcium requirements, cattle, 601 

sheep, 599 

Calculi, urinary— root crops, 167 
Carotenoids, 118 
Carrots, use as food, 167 
Cattle, fodder beet feeding, 162 
potatoes as fodder, 168 
Cellulose, 109 
Cellulose digestion, 240 
pigs, 362 

Cereals for grazing, 179 
Cereal grazing, toxic factors, 180, 756 
Channel Island cattle and goitre, 714 
Chlorophylls, 118 
Cholccalcifcrol, 594 
Chromic o»de as tracer, 275 
Cicula virosa see Water hemlock 
Oose-foldmg, 57 
Clostridia and cattle, 563 
ClvsCndu, proteolysis, 242 
Clostridium butyrtcum, 239 
Clostridium welchn, antigenic structure, 
558 

cultural characteristics, J 55 
group, 554 

serological identification, 560 
Closet disease, 760 
Clovers, acid content, 118 
and artificial drying, 196 
carotene content, 1 19 
cellulose content no 
chemistry and gross rh, 130 
chlorophyll content 118 
coumann content, 120 
hemiccllulosc content, X S3 
hy drocy amc aad content, 104 
and iodine, 686 
as nitrogen source, 39 
and non- ruminant grazing, 359 
oestrogen content, 121, 739 
pc cue substances, 114 
saponin content, 120 
species, 34 
sugar content, 108 
C.M.P P , 772 

Coast Disease (Cobalt, Copper defi- 
ciency), 664 

Cobalt dctiocncy, signs ofi 666 
treatment, 674 
deficient sods, 66$ 
liter cod ait, 670 
pasture content, 670 
requiem cuts ami function, 668 


Cocksfoot, 33 

ammo aad content, 99 
li gmn content, 116 
lipid content, 117 
sugar content, 105 
Colour recognition, sheep, 302 
Comum maailatum, see Hemlock 
Conserved grass m livestock rations, 77 
Copper, blood levels, 635 
Copper content, herbage, 635 
deficiency, aetiology, 646 
dcfiaency and bone, 641 
defiaency, cattle, 641 
defiaency, diagnosis, 650 
defiaency and effect on wool, 640 
dcfiaency, pasture contamination, 19 
defiaency, sheep, 637 
defiaency , sheep, Australasia, 639* 
641 

deficiency and sulphites, 647 
defiaency, treatment, 650 
liver content, 634 
Copper nose, 760 
Copper poisoning, 651 
cilvcs, 653 
and herbage 744 
sheep, 653 

Copper, systemic action, 634 
Corynebactena, proteolysis, 34 a 
Coumann in clovers, 120 
m herbage. 739 
Cow grazing days, 277 
Crested dogstad, 33 
Cyanacethydrazidc, 475 
Cyanogenenc glycosides, 104 
Cyano genetic glycosides in herbage, 
740 

C) tints laburnum, see Laburnum 


‘Daising’, 664 
Dalapon hazards, 776 
Denmark Disease, 664 
Dmiusccntor retuulatus, J47 
Dcrmatophilus pedis, 7 
Diethyl carbamazine citrate, 475 
Dtayotaulus filana, life cycle, 447 
Dictyoraului spcacs control, 473 
vaccination, 466 

Duiyocoulus vivipams, acquired resist- 
ance, 465 

in adult cattle. 471 
earner animals, 464 
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Dictyocaulus vtvtpanis — contd 
infection, 4^4 
ingestion of larvae, 459 
life cycle, 447 
mortality free stages, 4S 8 
and Ptlobus fungus, 462 . 

Difference mcdiod for herbage m » 

Digestibility of herbage and its growth, 

Dinitro-butylpheuol, hazards, 776 
Distance travelled grazing, 290 
D N B P , 776 
D N C , 776 ,, 

Drought and herbage yield, 3“ 
Drying, artificial, 187 

and digestibility of herbage, 188 
and effect on nutritive value, 
natural, 196 

and effect on herbage, 197 
and effect on vitamins, 201 
Dryopterts JiUx-mas poisoning, 749 


Economics of grass production, 78 
Energy value, herbage, 144 

Entetotoxaemia, autopsy findmgs, 
565 

of calves, 5 Sl 
diagnosis, 575 
of foals, 581 
jaundice, 57 8 
and overheating, 573 
pathogenesis, 566 

of piglets, 5 8 3 

prevention, 57^ 
of sheep, 562 
signs in sheep, 5 6 4 
Enzootic ataxia, 632, 637 

Marasmus, 664 mrC m anage- 

Equme worm control pasture u 

meut, 5^6 d harrowing. 

Equine worm larvae ai 

and mixed grazing, 5 29 
and pasture, 5Z7 Horsc tail 
Equuctum species, sec 

r F :“\“ tom = g (| b ^' 265 


ssr— 

5*7 * 

distnbuuon, 5 l6 
snail control, 5 20 
Fencing, wire, 3*3 
Fertilizers, 34 1 
economics, 79 

effect on herbage, 135 6 

farmyard manure and herbage, 13 
and hydrocyanic acid, 74* 
mtrogenous and clovers, 13d 

poultry manure, 37 1 herbage, <o 
Fertilizer reqmrements of herbage, 5 

Fescue foot, 748 , 

Fescue (tall), hgnin content, lie 
Flooding, effect on herbage, 13 

Fluke, see Fasciola Ucpatica 
Fluorosis, 15 
Fly strike, sheep, 549 
Foal, worm burden, 534 
Fodder-beet poisoning, 163 
use as food, 161 

Foot'-rohcmiragious'm sheep and goats, 
m sheep, control, 6 
ForagcTcrops' defuuuon, IS 6 

Fn”^d creep grazuig. 56 348 

Fustfonms netmphorus, a 
Fttsiforints nodosus, 5 




Fttsiforints n 

Gang mowing, 7° 

Castrophilus species, 55 1 
Geeldikkop, ip, 7°° 

Geese and herbage, 377 
Gemstcm, 739 

Ginein nckets, 637 
Glucose, content of herbage, 04 
Goats and goitre, 7*4 
Goitre, 709 

GSS°d B iying 7 to corners c pasture. 73 
sickness in horses, 5 6 3 
staggers, sec Hypomagncsaeima 
tetany, sec Hyponugnesacnua 
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Granng behaviour (climate), 291 
pattern, 287 

Grazing, effect on herbage, 36, 139 
and concentrate supplements, 304. 
forward creep, 348 
and herbage quality, 293 
methods, 52 
mixed, 343 
night, 291 

and nutritional instinct, 298 
ram and wind, 291 
radon, rotational, etc, 321 
sheep, cattle ratios, 3 so 
times, 288 
Green soiling, 324 
Cyaloccphalus capitatus, 524. 


effect of molybdenum, 636 

and egg yolk colour, 368, 373 

energy value, 143 

estimation of intake, 270 

factors influencing composition, 128 

faecal index method, 268 

and flooding, 138 

and geese, 377 

hemicellulose content, 112 

intake by grazing animal, 144 

iodine content, 684 

and Ixodes riattus, J41 

lignin content, 1 16 

lipid content, 1 17 

magnesium content, 619 

mineral content, 49, 122 



Hydrocyanic add content of herbage, 

Hjpaiam, see St. John's Wort 
Hypoderma species, 550 
Hypomagncsacmia, 610 

aetiology, 614 
clinical signs, 612 
and fertilizers, 621 
and herbage potassium, 622 
incidence, and age cattle, oil 
and inclement weather, 624 
pasture treatment, 627 
prevention, 625 
sheep incidence, 6l2 
treatment, 624 


Indigofera poisoning, 74 8 
Intestinal digestion, ruminants, -52 
Iodine, blood content, and age, 93 
and breed, 694 

and environment, 695 
and pregnancy, lactation, 694 
Iodine and clovers, 686 
content of blood, 693 
content of thyroid, 692 
deficiency, control, 721 
deficiency signs, 71$ 
and fertilizers, 689 
in herbage, 684 
herbage and season, o»o 
intake of livestock, 689 


metabolism, 690 

in milk, 695 

requirements, cattle, 7 
requirements of foetus, 9 
requirements, pigs, 723 
requirements, sheep, 7 
in soil and water, 6S2 


toxicity, 723 
Ixodes canisugdt 547 
Ixodes hexagtmus, 547 
Ixodes ricimis, life cycle. 54 


incidence and season, 4U 

and hypomagnesaemia, 419 

(sheep) and hstcrellosis, 43 1 
symptomatology, 4 10 

treatments, 420 
Kohlrabi, use as food, 1G1 

Hypoinagnes- 

aemia . 

Lactation and thyroid, 702 
Lamb dysentery, 579 

dysentery, immumsau™ 5« 

Leaf protein, pig* ‘ 

Lehmum system for PW> * 66 
jMieaemiei glcuica poisonmg, 749 
Lignin, U5 

Linseed and goitre, 7* 2 
Lucerne aud artificial drying, *95 

and pigs, 373 
and poultry, 373 
purine content, 103 
saponin content, 120 
jMcilia scricata, 549 
Lupins as food, 177 

«• mayors 
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Lymtwea mmcatuU, control, 5- 
life cycle, 5 06 
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Meadow grass, annual, 33 
rough-stalked, 33 
smooth-stalked, 33 
Mechanical grazing, 63 
M.C P A , 772 
M C P B , 77 2 

Micrococci and proteolysis, 242 
Milk fever, 605 
magnesium content, 623 
taint, beet tops, 165 
taint and cabbages, 174 
taint and mustard, 176 
taint and rape, 173 
taint, turnips, swedes, 159 
Mineral content of herbage, 122 
mixture, feeding, 326 
Mixed grazing and worms, 499 
Molybdenum, contamination, 19 
effect on herbage, 636 
poisoning and herbage, 745 
toxicity, 644 
Moor cling, 664 
Mortons Mains disease, 664 
Mustard as food, 176 
Mustard, poisoning, 176, 753 
Muscular dystrophy and selenium, 13 


Nakuruitis, 665 

Narthectum ossifragum, see Bog as- 
phodel 

Nematodinasis, 496 
Nematodirus and clovers, 355 
and mixed grazing, 351 
Nitntc poisoning and herbage, 746 
Nitrogen fertilizers, effect on swards, 
43 

Nitrogen, herbage response, 40, 43 
sources, 39 

Nutnent yield, grass, forage and root 
crops, IS7 

Nutrition tetany, see Hypomagnes- 
aemia 


Oik poisoning, 7 52 
Oat-hay, nitrate content, 746 
Ocnanthe aocaia, see Water dropwort 
Ocstrogens in herbage, 121, 739 
Oestrus ovts, 552 
Omasal, digestion, 249 
Onion poisoning, 758 
Opal phytobths (silicon), 10 


Organic acids of herbage, H7 
Ostaiagia speaes free stage growth, 
479 

Oxalic acid m roots, 165 
m ryegrass, 117 
Oxyurts cqut, 525 

Palatability of herbage, 297 
Pancreatic juice secretion (ruminant), 
252 

Parakeratosis, 604 
Parascans equorum, 524, 534 
Parasitic bronchitis, cattle, see Dictyo- 
caultis vtviparus 
sheep, see Dtctyocaulus filarta 
Parsnips, use as food, 167 
Pasture conservation, 71 
Pasture, management and worms, 497 
Pectin (pectic substances), 114 
Perennial ryegrass, sugar content, 

105 

Phalans, staggers, 667, 748 
tuberosa, 677 

Phcnothiazine, horses, 53*» 535 
Phosphates, effect on herbage, 45 
Phosphorus, absorption, 59* » 59^ 
distribution in an animal, 589 
requirements, cattle, 601 
requirements, sheep, 599 
Photosensitivity, 759 
Photosermtization, buckwheat, I7 8 
Phylloerythnn, 759 
Phytic acid, 593 

Pig, fodder, beet feeding, 162, 166 
Pigs, conserved herbage, 37* 
grazing, rate per acre, 37° 
and herbage, 360 
potatoes, 168 
Pigments in herbage, 1 18 
Pilobus fungus and Dtctyocaulus vtvi- 
pams, 461 
Pine, 664 

Piperazine, horses, 531, 535 
Ptthomyces chartarum, 10 
Potash, effect on herbage, 45 
Potato, feeding, hazards, 758 
poisoning, 168 
Potatoes, use as food, 168 
Potenostromum speaes, 524 
Poultry, conserved herbage, 371 
grazing rate per acre, 370 
and herbage, 360 
potatoes, 168 
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Pregnancy toxaemia, aetiology, 434 
toxaemia, biochemical findings, 4*9 
toxaemia, and ealone level, 437 
toxaemia, and exercise, 433 
toxaemia, incidence, 4 21 
toxaemia, and low nutrition, 433 
toxaemia, and obesity, 434 
toxaemia, post mortem findings. 4-a 
toxaemia, and protein deficiency, 
43<S 

toxaemia, symptomatology, 4 2 7 
toxaemia, treatment prevention, 
440 

toxaemia, urine, 43* 

Protein, bacterial proteolysis, 242 
constituents of herbage, 95 
value, herbage, 146 
Ptcndium aquilinum, see Bracken 
Purines, present in herbage, 103 

Rabbit and fascioliasis, 5*3 
Ragwort poisoning, 75 1 
Ranunculus species, see Buttercup 
Rape, as food, 174 
poisoning, X7S. 754 
Ration grazing, 3 21 r nl ~ s 

Reclamation of pasture, use of pigs 


Ryegrass, ammo acid content, 99 
cellulose content, 109 

(Iulnn)^ chemistry and growth, 130 
hpid content, H7 
pcrcnmal, 33 

perennial, acid content, 1 7 
perennial, and fanal eczema, , 7&> 
perennial, lignin content, n« 
perennial, non-ptotem mttogen frac 
tion, 101 

Saliva, functions, 222 
Sahvary glands, 223 
Salt sick, 632 
Salt sickness, 665 
Sapoiuns, 120 
Sarevta balcn, 24“ 

Scald in sheep, 6 

poisomnl'^td herbage, 747 
and vitamin E , 13 

S S&t 4 a 5 nd 4 oesuogens 74^ 

Sheep, cattle ratios grazing, 35 
herbage, intake, 145 
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‘Struck’, 581 

Sucrose, content of herbage, 105 
Sudan grass, 64, 104 
Sudan grass and hydrocyanic acid, 741 
‘Sudden death’ cattle (copper), 633 
Sugar-beet, poisoning, 164 
use as food, i<Si 
Sugar fermentation, 242 
Sulphates and copper deficiency, 647 
Swede-top poisoning, 735 
Swedes, use as food, 159 
Sweet clover disease, 756 
Sweet vernal, 33 
Swayback, 637 
Swmgback, 637 

Tall fescue lameness, 748 
Taxus baccata, see Yew 
T B A , 772 
‘Teart’, 643 

Teartness and molybdenum, 644 
Thiocyanate group, 71 1 
Thiouraal group, 71 1 
Thyroid dysfunction, 708 
function, 699 
and growth, 700 
and milk yield, 702 
and reproduction, 707 717 
and wool production, 705 
Tick control, insecticidal, 546 
Tick nse, 542 
Timothy, 33 

ammo aad content, 99 
cellulose content, 109 
sugar content, 105 
Trefoil dermatitis, 760 
Tnbulus terrestris, 759 
Tnchonema speacs, 524 
Tnchostrongylus axe 1, 524 
Trukostrongylus species, free stage 
growth, 479 
Tnfoliosis, 760 

Tnfohunt subtenasieum, and copper, 654 
Trimming pasture, 70 
Tnodontophorus speacs, 524 
TronibicuLi autumnahs, 547 
Turkeys and herbage, 377 
Turnips, use as food, 139 
Turnip-top poisoning, 755 
Twm lamb disease, see Pregnancy 
toxaemia 

Tympanites, see Bloat 


Urrnc, effect on herbage, 47 
ketone values (sheep), 43° 

Utilization of herbage, 51 

‘Vmquish’, 664 

Vitamins A and artificial drying, I9 1 
A, calcium and phosphorus, 598 

A, herbage content, 119 

B, complex herbage content, 120 

C, herbage content, 120 

D, action and requirements, 594. 
607 

D, herbage content, 120 

D, reserve, periods of, $99 
Da, 594 

E, defiaency and selenium, 13 
E, herbage content, 120 

Water for dairy cattle, 3 14 
effect on herbage, 38 
Water dropwort, poisoning, 75 1 
Water hemlock, poisoning, 75 1 
Water intake, cattle, 225, 290, 3*5 
sheep, 225 

Weedkillers, see Herbicides 
Weeds, effect on pasture, 13 3 
Weight embryo and feeding status, 
433 

Wheat, pasture poisoning, 180. 621 
Wheat poisoning, see Hypomagues- 
aemia 

White clover, amino aads, 102 
and hydrocyanic aad, 74* 
Wintering of cattle, 3 53 
Wool production and thyroid, 7°5 
Worm control, 500 
larvae on herbage, 481 
population in livestock, 49° 
Worms, host resistance, 485 
and mixed grazing, 499 
and pasture management, 497 
and rotational grazing, 498 

Xanthine oxidase, 637 

Yew poisoning, 752 
Yorkshire fog 33 

and molybdenum poisoning, 745 

Zero grazing, 63, 324 
Zinc and calcium, pigs, 604 
Zinc, pasture contamination, 19 



